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Executive Summary

The objective of the CALFED Water Quality Program is to provide good
water quality for environmental, agricultural, drinking water, industrial, and

recreational beneficial uses.    ,,     ,-..

OVERVIEW

The mission of the CALFED Bay-Delta Program is toldevelop a long-term comprehensive
plan that will restore ecosystem health and improve water management for benefi~iaiuses of
the Bay-Delta System. The Program consists of five eomP0nents that address problems
associated with ecosystem restoration, water quality, system integrity, water use efficiency,
and water supply reliability.

All components of the CALFED Program, are being developed and evaluated at a
programmatic level. The complex and compreiiensive nature of a Bay~Delta solution means
that it will necessarily be composed of many different pr~grams, projects, and actions, that
will be implemented over time. Dur~gthe curr~ntph~~eP~ogram, solution
alternatives will be evaluated as sets of program~ and projeets .so that broad benefits and
impacts can be identified. In the ne~ phase 0fthe Pro~, more focused analysis,
environmental doeumentation,~andimplem~ntation of~pecific programs and actions will
occur.                     ii~ i, .

Watei;Q:~ality CompOn~:nt

CALFED;s objective for wate~.quality is to provide good water quality for urban,
agricultural, indUStrial~ environmental, and recreational beneficial uses. This objective will be
achieved through"development and implementation of the CALFED Water Quality Program
(WQP)I~The WQP will recommend action strategies that address identified parameters of
coaeem to beneficial uses~ Th~se action strategies will have measurable performance targets
and indicators of success    will be used to judge program effectiveness and facilitatethat

;.:.~ptive management.

¯ .. ¯ ..:. ’ . ~ Management

~ ~raC~a~m~ Cycle

E-1
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Geographic Scope of Water Quality
Program

The geographic focus of the WQP is the Delta,
which has been identified as the primary
"problem" area by CALFED. This area
consists of the legally def’med Delta, Suisun¯
Bay to Carquinez Strait, and Suisun Marsh.
Some species (e.g., anadromous fish) that
inhabit the Delta are impacted by conditions
outside the Delta. Also, areas outside the Delta
are sources of water quality problems affecting
the Delta, its inhabitant species, and users of
Delta water. In resolving the water quality
problems of the Delta, the WQP recommends
that actions be taken throughout the geographic
solution area, as necessary.

QUALITYWATER COMPONE~
REPORT                       - .....

:’~i~

The Water Quality Component ~6rt delta, ~ the basio’.structure of the WQP including:
¯ beneficial use water qu~’issues,~i~!:’
¯ water quality pammet~:~bf conc~!~ beneficial uses,
¯ s0~es and loadings ~fparameters 6fcoiaeem,
¯ ,,ii~.~!~uahty benef!~,:~. ,e problem,areas,
¯ ~ d~@~:programS t0 ~.dr e~s parameters of concern,

¯ a mon~gi:~d assessifi~Ht ~amework to and evaluate action effectiveness, and
¯ a d~s~ripfionofhowCALFED’s water quality activities may be coordinated with

,:~!~ongoing wateished management activities.

In addition to definingthe CALFED Water Quality Program information from the Water
.::Q~ity Component Report will be used to assess impacts as part of the CALFED
!Pifogrammatie EIS/EIR process. Following is a summary of the main components of the
Water ~Quality,,Component Report.

:S~iee~hg~arameters of Concern

The CALFED Water Quality Program has accessed and utilized a large group of water
quality technical experts to assist in the development of the Water Quality Program. These
stakeholders, known as the Water Quality Technical Group, represent federal, state and local

E-2
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agencies, environmental advisory groups, industry, (pesticide, mining, etc.), agriculture,
recreation, urban water supply, and watershed interests.

Initially, three technical teams of stakeholders were formed to identify the source water
quality requirements of the ecosystem, urban and agricultural water users. The ecosystem
team was primarily comprised of federal and state agency representatives
Department ofFish and Game, US Fish and Wildlife Service, US
Agency, California Departments of Fish and Game and Pesticide Re Fish and
Wildlife Service and Environmental Protection Agency, ~.~tate ~d 2 and 5 Water
Quality Control Boards). The urban team included both!~y st i! ~wat~r icy:.
representatives. ..... The agricultural team was represente~y agency :
agricultural water suppliers. Using avadable data and~;-i~ehnical kiirwledge
ldent~fied parameters of concern that were of conc~~:~g~benefic~al’ ts oli~a| e
teams also Identified actions that might be taken to retl~ff;~!.parameters.
invited additional stakeholders to 3oin in the process, sp.’~~pse~...~,.~.,.~.,~., who might be
impacted from implementation of the recommended:~e~~~. ¯

Ecosystem

Table E-1 identified by the Water Quality Technical
Group as uses of water. This list may change over time in

understanding of these and other parameters.

¯ ~ meetings held workshops toIn,~ to the CALFED has inform the
~ral public about ~    tuality programs’ activities. CALFED staffhave also met

~ a variety of gro~’~ including the Clean Water Caucus, California Water Environment
?:i;~N~oelatlon, and ~Callfom~a Urban Water Agencies. The CALFED Bay Delta Advisory
~:~;:~gee ~:i~een kept apprmsed of the water quahty program s progress through
%~~~?!?§~gments at thezr regularly scheduled meetings.

I E-3
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Table E-1 Parameters of Concern to Beneficial Uses
Environmental Drinking Water Agriculture Recreational Industrial

Metals&Toxic Other Disinfection By- Other Metals Other
Elements Ammonia Product Boron Mercury Salinity
Cadmium Dissolved Precursors Chloride Organics/Pesticides pH
Copper Oxygen Bromide Nutrients PCBs

:~,:~:~
Alkalinity

Mercury Salinity (TDS, TOC (Nitrate) D.DT : .:~::. Phosphates
Selenium EC) Other pH (Alkalinity) Other ¯ . Ammonia
Zinc Temperature Pathogens Salinity (TDS, P~ogens
Organics/Pesticides T~rbidity Turbidity EC) ¯ Nutrients
C~bofuran Unknown Salinity (TDS) SAR
Chlordane Toxicity* Nutrients (Nitrate) Turbidity " ...
Chlorpyrifos pH ~Tempemture

Diazinon .:i. :.. .... ...... . .
PCBs .
Toxaphene :: : .

Ūnkown toxicity refers to observed aquatic toxicity the source of.which is unknown.
.~,.~..~£. ~ .- : .~. .

Impacts to Beneficial Uses of Wate~:i" i"~iiii~

The Delta is a source of drinking ~r for abput 20 mtl.li9~i, or two-thirds, of all Californians.
Beneficial use of drinking wate~::i~be imp~ed by loadings of bromide, nutrients, salinity,
orgame carbon, turbidity, pathpgens or changes m p~.., Pathogens such as Cryptosportdium
p r um insource water a    rsely drinking water supplies.  u ent
 o,d g. and odor of m cipal water
suppli~:~ ~.,crease the eXp~e 0f treat~ngthe water. Elevated turbidity due to suspended
solids c~:~g:X~..Sp,~nsible f0r,:~~g treatment costs for municipal water supplies.

A major prg~!en~d~g periods :o~Iow Delta outflows is tidal mixing of salt into the Delta
channe,lsi~:::Sa~t~ar~,a major ~ncern with regard to municipal drinking water supplies because
of th..~ ~6resence in sea,water o~fbromide, which contributes to unwanted disinfection
byproducts 0DBPs). S~tcah~esult in aesthetic problems such as salty taste, corrosion of
appliances, plumbing.land industrial facilities, and reduced opportunity for waste water
:~ycling. Salts alSg.:are present in freshwater inflows to the Delta due to municipal and
~cultural dischaxges. The most heavily concentrated sources of agricultural drainage to the

- Delta is the San Joaquin River.

Organic carbon in source water can adversely affect municipal drinking water supplies by
combining with water treatment disinfectants to produce harmful by-products such as
trihalomethanes. Of particular concern to drinking water is agricultural drainage from Delta
Islands because the soils of the Delta contribute carbon to the agriculturalpeat organic
drainage water. Delta diversions through the State Water Project H.O. Banks and North Bay

E-4
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Pumping Plants, the Central Valley Project Tracy Pumping Plant, and the Contra Costa Water
District Pumping Plant at Rock Slough supply water for municipal purposes. Figure E-1
depicts the interaction between municipal water intakes located in the Delta and sources of
bromides, salinity and organic carbon.

Agriculture
More than 1,800 agricultural diversions are located within the Delta. ~ese divei~ibns supply
irrigation water to over 450,000 acres of fertile Delta farmlands. Irrigation water de~tined for
use on millions of acres in the San Joaquin Valley and Southern California is also diverted in
the Delta at the same intakes used for municipal water diversion. Beneficial uses of water by
agriculture can be impacted by loadings of boron, salts, nutrients, pH, sodium absorption
ratios, and turbidity. Excess salts can result in plant toxicity and negative effects on plant
growth and crop yield.. Salts affect the ability of a plantito ~.takeup water. Salts c6~ip!~d with a
disproportionate amount of sodium in the water, can eause~the soil surface to seal,limiting
water infiltration. Excessive vegetative growth or del~ygd"¢~pp ~tturity can result from
excessive nutrients and white deposits on fruit or lea~e"s caJ~Ur due to sprinkling with high
pH water. Turbidity and nutrients can also foul irrigation systems..

The Delta is the West Coast’s largest e~, one ofth~ e0~atry~s largest systems for fish
production, and provides habitat for m6re than 1.20. fish~si~6.~i~S~An estimated 25 percent of all
warm water and anadromous sport, f~ng spec~s and 80"~nt of the state’s commercial
fishery species either live in or ~e throu’gil the Deltai Beneficial uses of water for
environmental purposes, speci~-r~y fishe~.:~esources,have been impacted due to toxic
pollutants such as trace metalS?arid synth~fi~ 0rgani~ Compounds. Also, nutrients, pathogens,
pH, dis~p!ye_Ooxygen andte~.erature have.the potential to affect Delta species. Populations
of stdp~ibas~s.and other ~pe,e..i~s have declined significantly from historical levels. Causes of
the declines are tmcertain; al~0~ .water quality conditions in the Bay and Delta, decreases in
Delta inflo~"~doutflow rate~i .lia~i~t.loss, agricultural and other instream diversions, and in-
Delta exports are ~ought to be ei~n~buting factors. Metals, pesticides, salts, and ammonia in
elevated eoncentrhtions can be toxic to early life stages of fish and invertebrate species.
Mercury can bioaccumulatein the upper levels of the food chain, affecting larger fish, birds
and mammals. Pathogens can adversely affect fish either acutely (lethality) or chronically
~stopathological effects, impaired reproduction). Solids can increase turbidity in water

..i.b~es, reducing photosynthesis and available food for fish. Solids can also cause siltation of
water bodies, burying and mining spawning gravels that are essential fish reproduction habitat.
NU.~,ent loading can lead to direct or indirect (abnormal algae blooms) depletion of dissolved

i: :!0~hlin..water bodies, which can suffocate aquatic organisms, and lead to observable fish
kills. Nutrient limitations may at times limit food availability to aquatic species.

Recreation
The Delta supports about 12 million public user days a year through a variety of recreational
opportunities including fishing, camping, and boating. 120 marinas, shown in Figure E-2, are
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located within the Delta’s boundary and approximately 82,000 boaters utilize the Delta’s
waterways. Recreational beneficial uses in the Delta may be affected due to pathogens, metals,
pesticides, solids, or nutrients. Microbial pathogens can adversely affect the health of those
who are participating in water contact recreation, such as swimming, water skiing, or
windsurfing. Pathogen contamination of fish or shellfish can adversely affect public health.
Certain metals and pesticides, such as mercury and DDT, bioaccumulate in the food chain and
can adversely affect recreational fishers who consume contaminated fish and ,~i~l]~ish. Solids
loading can increase the turbidity of waters and interfere with the aesthetic enjoyment of these
natural resources and constitute a hazard to swimmers. Sg!ids loading is. also.a mechanism by
which pathogens, metals, pesticides, and nutrients are ~sported into wa~ers..ttm.~t support
recreational beneficial uses. Nutrient loading can prom,o,t~ algal blooms that redt!q,e, water ¯
clarity and sometimes cause unsightly, odorous floatingmats andfouling of boa(hulls.

Industrial                                ’~’:~i;~? :~:~ ~ II~~             ~ ~ "
The Delta supports a wide variety of industries from sugar..p(?O.uc~!?n to oil refineries.
Industrial water is diverted directly from the Delta or conveyedthrough the same facilities
used for municipal purposes. Some industrial processes divert water.from municipal systems
prior to treatment and treat the raw water to the’le~,el i~equired foi~~ SiS~cific industrial
process. Industrial uses of water may be "map~d~dii~’.t0halinity, pfi6~~ighates, ammonia and
pH. Salinity has adversely affected indus~:al proces~e~!~u~h as paper manufacturing through
corrosion and mineral scaling of indu~ equi,~~nt. ~’~.:~: ~.~ e~ies, a major user of
industrial water, high concentrationslof phosphates can aggravate scaling concerns in cooling
water systems and high levels q~onia,~:cause c,r.hgking in brass cooling heat

Prio~t~i~g Problem, A~:,~as i !~;i~.~ii~i~."!i;ii.i~ :

Definin~iieonstitutes :a:!’~ol~i~m, is a controversial and debatable issue. Very few of the
pammeters~6~:~i~ .have b~ng~d sufficiently to understand their fate, transport and
impact on ~en~i-~!~s of wat~i.~~~ parameter is measured against an existing objective,
criteria oif~d~rd!i~deeision must be made 1) whether the standard is appropriate, 2) what the
stand~d is meant to ~eet~"~d 3) what level of exceedance is relevant (e.g., duration, season,
ge6graphic location, ete:): For example, an exceedance of copper in the Upper Sacramento
~yer during the fall-run chinook salmon juvenile outmigration period might be devastating to
th~ population however, dunng other times of the year (when fall-run are not present) there

..

may.be virtually no biological impact. For some parameters such as temperature and salinity
e.,~n~sive d.~..ta. ;has been collected. For other parameters such as pesticides minimal
~~.~i~"known. Given the inherent difficulties in attempting to measure data against
published standards the Water Quality Program has adopted the following approach to
identifying and prioritizing beneficial use problem areas.

¯ For environmental and recreational beneficial uses, problem areas are primarily
designated based on Section 303(d) of the Clean Water Act. This Act requires each

E-6
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state to develop a list, known as a 303(d) list, of water bodies that are impaired with

i respect to water quality and to identify the sources of impairment (e.g., mine drainage,
agricultural drainage, urban and industrial runoff, and municipal and industrial
wastewater discharges). Water bodies impaired by CALFED water quality parameters

I of concern are shown in Figure E-3.
¯ For drinking water beneficial uses, problem areas are determined based on the

suitability of Delta drinking water sources to be treatable, at reasonable.~’st, to meet

I current and future federal and State health-based drinking water standards.
¯ For agricultural beneficial uses, problem areas are .determined according to the impact

of irrigation source water on sustainable productivity of agricultural lands.
I ¯ In addition a problem area can be defined based on scientific studies anddata that ~

indicate a potentially significant problem exists.                  "    ¯ ¯

Identifying Sourcesof Problems

I To effectively take action to improve water quality e0i~litions i~]~ n~t sufficient to only know
where a problem exists in a water body, the source of the waterlqUaiity problem must also be
identified. Sources of water quality parameters 6f concern in the Delta and its tributaries

¯ acidic drainage from mact~ve and abandoned mines that ~ntroduce metals such as

¯ stormwater inflows and ~ runo~i~at may Cpiltribute metals, selenium, turbidity,
pathogens, organic carb6a~, nutrien~" pesticide’Spetroleum and other chemical
residues;

¯ ~eipal and indus~.discharge~!:~t may contribute salts, metaIs, trace elements,
~:!"~5~,qn~,,Path°gens"~al resxdues, o~1 and grease, and turbidity;

I ¯
a~g~al.:ta, il wate~i~i:pr~i~’ flows, that may contribute salts, nutrients, pesticide

¯ ¯ subs~q~.~gttltural ~g~ that may contribute salts, selenium and other trace
¯ el~ffa~en~ n~6~ts; and pesticides (some fungicides).

1 The:~eneral locations of the~ajor sources of water quality parameters of concern are shown in
~igure E-4.      .

I .... ~veloping Actlon~ Strategies

" X~h s~iegies have been developed to address water quality parameters of concern in the
I Delta hnd its tributaries. The strategies are recommended actions that will result in

improvements to source water quality by reducing source loadings of parameters (e.g., mine

i drainage, agricultural drainage, urban and industrial runoff, and municipal and industrial
wastewater treatment facilities); upgrading water treatment plants; or changing water
management practices.

I
E-7
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Action strategies to address water quality parameters of concern include a combination of
research, pilot studies and full-scale actions. For some parameters, such as mercury, there is
inadequate understanding about its sources, the bioavailability of the various sources, and the
load reductions needed to reduce fish tissue concentrations to levels acceptable for human
consumption. For this parameter further study is recommended before full-scale actions are
taken. For other parameters, such as selenium, sources are better documented, and source
control or treatment actions can be taken w~th a reasonable expectatio~of posit~-¢~
environmental results.

Performance targets have been established to to improve
water quality. Performance betargetsmay q
For example, the target for copper in the Sacramento
Upper Sacramento River from 65,000 pounds to 10. year.
recommend further study of a parameter the be a
For example, an action for mercury is further research the sources and
mechanisms of mercury accumulation in the Delta e~igy, target is a
targeted action plan that specifies selection and ffective mercury
remediafion actions.

Indicators of success are generall3 targets, or biological
indicators, that have been developed.~f~ach Targets relate to in-
stream, sediment, or tissue concentr~tibns of ~. will be used to gauge action and
alternative effectiveness at uses. are based on Water Quality
Control Plans (Basin Plans) Valley Regional Water Quality
Control Boards U.S. ambient water objectivesor quality
(when av~e), objectives, and target source drinking
water<q~__,,~i.~ges . experts. Some parameters, such as pathogens have
no indicators of success are generally a quantifiable
reduction is taken.

gies foreach parameter o~ concern included in the
CALFED Water (

,.~":~mprehensivelyConducting Monitoring, Assessment and Research

71~ Water Qual!ty~Program, and indeed all activities, must onCALFED bebased the
~~ip.,rt 9,£,~gorous science. While there is some information on the existence of water
°",’i~."~~’~s in the CALFED solution area, much is yet to be learned. CALFED is

d~c~l~i>~iga Comprehensive Monitoring, Assessment, and Research Program (CMARP) to
address the need for adequate scientific support not only in the water quality area, but also for
the system integrity, ecosystem restoration, and water supply reliability resource areas. The
CMARP is central to the CALFED philosophy of adaptive management. The water quality
component of the CMARP will provide for:
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I ¯ Establishing a quality assurance/quality control plan to assure the scientific validity of

I CALFED data collection included in this plan will be recommendations for
standardized data collections and handling practices to assure that all data collected for
CALFED are compatible;

I ¯ Establishing the actual existence and severity of water quality problems, including
evaluating the ecosystem effects of water quality parameters;

¯ Establishing baseline water quality conditions against whicla’fli~’:-gffe~ctiveness of
CALFED actions will be measured; and,     . :.,:;.~-

Evaluating the effectiveness of CALFED wat~’Zquality"¯ Improvement act~onsand :. "
idemifying the need for adaptive managemen[~qt~Si’;i’: ~Z:~.. ~,~,~:o.~.-~!~.~:~;. ~N~-;~"

Coordinating Watershed Activities ....

CALFED may work with local agencies to assist.inthe formatiN~?6~alliances and cooperative
projects to maprove water quahty for beneficial U~s~ba;:~4arger scale than m~ght be possible

I vnth local agene, es working alone or m m6t~:tiarrO.~ly~seop~d programs. CALFED’s system-
w~de watershed tbcus on water quahty~,~ll~ "~

help_ to,,. vetter, , integrate aria cooraln~e.,~. ~;~~.:.’~:~ i~ ~ :.:::,~ ~ " GOVERNMENT ! ;=’= ’ ":~ ~; .....’::":" ~EN~IES"~:~:" ...........~ ~ ’ ......." ~:’~I Ntate/reaerat resource ~:~;; ~ .....- .........................................managementPrograms
with local watershed activities. ’~:~~~=; .......

i long-term

i
.............. CALFED COORDINATION2:

including,

Valley ,gram, the - B-~-~-~ F:~I-T-S. TO L OC ~L-W ~TEIIS ilED P-Ri~

I C6fi°gervation and Mafiagem~nt Plan and the
.~deral, State, and Reg~on~ Water Quality

¢2~ntrol Board’s W~shed Management

I

I
I E-9

C--031 320
(3-031320



SECTION 1

INTRODUCTION

The mission of the CALFED Bay-Delta Program (Program) is to develop a long-term
comprehensive plan that will restore ecosystem health and improve water management for
beneficial uses of the Bay-Delta System. The Program addresses problems in fiy~i~.~~ource
areas: ecosystem restoration, water quality, system integrity, water use ~e,.ie~"and water
supply reliability (i.e., storage and conveyance). The report that follows deals the plans
associated with the water quality component oftMs Progr~i:~ .... ~ ::ii:ii~i<::ii~:.!::i!?’.?i:: .....

All components of Bay-Delta solution alt~natives,:~e b~’~a’~i~ed and evaluated at a ¯
[] programmatic level. The complex an~,ff:~mpreheh~§ive n~:~~’~t Bay-Delta solution means that

it will necessarily be composed of.:~ diffe.r.~t prograt~...~~’ projects, and actions, that will be
implemented over time. During .t~’:i~twrent ~se of th,e:-~ogram, solution alternatives will be
evaluated as sets of programs:.a~di,~rojects ~.~at.brodd benefits and impacts can be identified.
In the next.:Paase of the Pr6:~;i.:naore fo~tiS~i:~al~sis, environmental documentation, and

¯¯ impleme~6~"Q~,sPec~i~!i~s and a~{~-ri~"will occur. ¯I
The obj:e~~~:Ve:f~lt~.ii~O~. Quality Program (WQP) is to ensure that good water
qual~ can be pro~]~; urban, agricultural,industrial, environmental,and

! ’~:iii!J~: i!(i;:.: "~-:i!~:~" recreational beneficial uses.

~:~water quality objective will be achieved through development and implementation of a
pr~brifized set ofwat~-r quality actions that address identified parameters that are of concern to
b~i~fi~:,aS~::~se actions will have measurable performance targets and indicators of success
tha~!~~l::.~d:~:d to judge program effectiveness and facilitate adaptive management. Adaptive
management is a process of testing alternative ways of meeting objectives, and adapting future
management actions according to what is learned.

!
l 1-1
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In developing the WQP the six CALFED solution principles were taken into account. These
principles state that a Bay-Delta solution must:

¯ Reduce Conflicts in the System
Solutions will reduce major conflicts among beneficial users of water.

¯ Be Equitable
Solutions will focus on solving problems in all problem areas. Improvements for some
problems will not be made without corresponding improvements_for other problems.

¯ Be Affordable .... ~ ,_ __ .
Solutions will be implementable and maintainable within the foreseeable resources of the
Program and stakeholders.

¯ Be Durable
Solutions will have political and economic stayin~p0yc~!:~d will sustain ~: resources
they were designed to protect and enhance.

¯ Be Implementable                            ,
Solutions will have broad public acceptance and legal fe~!b~i!!ty, and will be timely and
relatively simple to implement compared with.other alternatives; ~

¯ Have No Significant Redirected Impacts ....
Solutions will not solve problems in the Bay,Deltasystem by~d~ecting Significant
negative impacts, when viewed in ~eir entirety;~:~_~.~-Delta or to other regions
of California.                ::.>.      ~.

Geographic Scope of CALFEDWater Quality Program

The geographic focus oftheWQ~ is the . ~_~[,
Delta, wbichh~ been identifiedas the ¯ ’: : ~
primary.’,!pr~b~m", area by C~FED. This ~~+-~ CALFED
area consists of the legally defined Delta, Solution
Suisun Bay to Carquinez Strait, and Sui’stm ’
Marsh. Some sp~di~:(~g., anadr~iaS"
fish) that inhab-it-~ b~l-ta~ impac(6d by
conditions outside the Deita~ ~dSo areas
outside:the Delta are sources of water
quality problems affecting the Delta, its
.inhabitant species, andusers of Delta water.
In resolving the water quality problems of
the Delta,. ~ the WQP has recommended
actions be taken throughout the geographic
solution area, as necessary.

I 1-2
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I
I Stakeholder Involvement

I The CALFED Water Quality Program has accessed and utilized a large group of water quality
technical experts to assist in the development of the Water Quality Program. These stakeholders,
known as the Water Quality Technical Group, represent federal, state and local agencies,

I advisory groups, industry (e.g., pesticide, mining, etc.), agriculture, recreation,environmental
urban water supply, and watershed interests.

Initially, three technical teams of stakeholders were foriaaed to.identifyt~e~~)tir~e water quality
requirements of environment, urban and agriculture water tiseis~ The envk0nment team was
primarily comprised of federal and state agency representatives (CaliforniaDeP~,ent of Fish:¢
and Game, US Fish and Wildlife Service, US Environm,).e.ntal Protection Agehey;:C~ifomia :i::
Departments ofFish and Game and Pesticide Regulatio~US Fish’and Wildlife S~il.and~ ¯
Environmental Protection Agency, and State and Regio~:i~i~ Water Quality C~Boards).
The urban team included both agency staff and urban wat~t:~iage~cy,~presentatives. The
agriculture team was represented by agency staff, farme,.!~i~hnd::~t~ al water suppliers. .

I
Using available data and technical knowledge the tean~identifieai~~eters that were of
"concern" to their respective beneficial use of water,and ~ctions that might: be taken to reduce
theseparameters. CALFED then invited addi~iph~i-!!~t~!,~ers to j~!~ii~~the process. The

I stakeholders included those who might be ~cted ~~!,eme~l~a~0n of the recommended
water quality actions (e.g. parties responslb~e for ~e ~~~~ultural drainage, urban
runoff, wastewater and industrial disgh~es, etc.)!~d repr~i~ves of environment and

I watershed interests ....:.;~:i~}i?i".~’::~’)/ .!!/

|

~ addition to the technical workgroup meetings CALFED has held workshops to inform the

I general public abou.t I~QP activities. CALFED staff have met with a variety of groups including
~tieC~~;Water~ueus, California Water Environment Association, and the California Urban
Wdtd~:.~Ldi~~ The CALFED Bay Delta Advisory Committee has been kept appraised of the

I wQP;~:pi~gress through informational segments at their regularly scheduled meetings.

I
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Stakeholder involvement in CALFED water quality activities is planned to continue throughout
the life of the CALFED effort. A list of the Water Quality Technical Group stakeholders can be
found in Appendix A.

Structure of Report

The Water Quality Component Report that follows discusses:

¯ beneficial use water quality issues,
¯ water quality parameters of concern to beneficial uses,
¯ sources and loadings of parameters of concern,
¯ water quality beneficial use problem areas,
¯ existing programs to address parameters,
¯ CALFED recommended action strategies to address parameters,
¯ a monitoring and assessment framework to evaluate effectiveness of the WQP,
¯ a description of how this program will be coordinated with ongoing watershed

management activities.

Additional information pertaining to the Water Quality Program can be found in the Water
Quality Component Report Appendices and the CALFED Water Quality Supplemental
Information document.
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I SECTION 2

BACKGROUND

The Central Valley is drained by the Sacramento River system to the north and the San Joaquin
River system to the south. These two river systems converge into the Delta, which encompasses
approximately 680,000 acres interlaced with approximately 700 miles of waterways (Arthur and
Ball, 1978). Water flows from the Delta through the Suisun, San Pablo, and San Francisco Bays
to the Pacific Ocean at the Golden Gate Bridge.

The Delta supports a variety of beneficial water uses. It is the West Coast’s largest estuary, one
of the country’s largest systems for fish production, and provides habitat for more than 120 fish
species. An estimated 25 percent of all warm water and anadromous sport fishing species and 80
percent of the state’s commercial fishery species either live in or migrate through the Delta. The
Delta also is a source of drinking water for about 20 million, or two-thirds, of all Californians. It
provides irrigation water for approximately 200 crops or 45% of the nation’s produce and water
supplies to major oil refineries and paper manaufaeturers. The Delta supports about 12 million
public user days a year through a variety of recreational opportunities including fishing,
camping, and boating by 82,000 registered boaters.

Water flowing through the Delta that is not diverted by drinking water suppliers, agriculture or
industries, flows to the Pacific Ocean through San Francisco Bay. Freshwater outflows prevent
saline water from encroaching into the Delta and degrading water quality. Delta channel
geometry, inflows into and within the Delta, and tidal flows are interdependent variables that
control seawater intrusion and water quality in the Delta.

Variable hydrologic conditions, seasonal demands for water diversions, and agricultural drainage
flows result in considerable fluctuations in Delta water supply and water quality conditions.
Periods of high inflows that result in low salinity alternate with periods of low inflow that allow
greater salinity intrusion and exaggerate water quality effects of drainage. In the Delta, the
distribution of dissolved and suspended materials is influenced by complex circulation patterns
that are affected by channel geometry, flow volumes, pumping for Delta agricultural operations
and exports, and tidal influence from the ocean. Under average hydrologic conditions,
approximately 30% of Delta inflow is used for Central Valley Project (CVP) and State Water
Project (SWP) exports, 10% is diverted for local uses, 20% is used for Delta outflow
requirements, and 40% is additional Delta outflow that results from winter precipitation and
runoff. The CVP and SWP export pumping plants exert a considerable influence on water
circulation in the Delta by creating a net flow of water from northern regions of the Delta south
through Old River and Middle River. During winter, inflow volumes typically exceed the export
and other requirements and the Delta outflow is sufficient to repel theforceof tidal
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encroachment. During late summer and fall, when low inflows and high agricultural pumping
rates are occurring, flows can reverse direction in the central and western Delta channels. This
pattem of"reverse flow" is a concern because of the potential effects on salinity.

Delta water quality, particularly the concentration of pollutants, is strongly influenced by the
operation of upstream reservoirs and diversions, including the CVP and SWP. Onaverage,
approximately 75-85% of Delta inflow is from the Sacramento River, 10-15% is from the San
Joaquin River, and the eastside streams (e.g., Mokelumne, Cosumnes, and Calaveras) contribute
the remainder. San Joaquin River flows are often very low in late summer and fall. In contrast,
the Sacramento River, the largest tributary to the Delta, has relatively good water quality because
of the large amount of dilution provided by runoff from the watershed and releases from storage
reservoirs. Chemical characteristics of Delta inflows are intimately tied to land use in the
upstream watershed.

Water Quality Issues

Following are some of the major water quality issues recognized to be of concern in the Delta
along with water quality concerns associated with particular beneficial uses.

¯ from Suisun and San Francisco intrudes into the DeltaHigh-salinitywater Bays during
periods of low Delta outflow. Salinity adversely a.fleets agricultural, municipal,
recreational, industrial, and environmental use of water.

° Delta exports have elevated concentrations of dissolved organic carbon (DOC) which is a
disinfection by-product (DBP) precursors, and the potential for formation of brominated
DBPs increases along with increases in concentrations of the precursor bromide (Br’),
which 0dginates in seawater.

o Synthetic and natural contaminants have accumulated in Delta sediments and can
bioaccumulate in fish and other aquatic organisms. Synthetic organic chemicals and
heavy metals (e.g., mercury) are found in Delta fish in quantities that occasionally exceed
acceptable standards for food consumption.

o Agricultural drainage high of nutrients, suspended solids,inthe Deltacontains levels
dissolved organic carbon, salinity, and may contain traces of agricultural chemicals
(pesticides). The San Joaquin River delivers water of relatively poor quality to the Delta;
agricultural drainage to the river is a significant source of salts and pollutants, including
selenium, boron, and pesticides.

° Historical mining activities are a source of heavy metals, including cadmium, chromium,
copper, mercury, and zinc.

° Populations of striped bass and other species have declined significantly from historical
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levels. Causes of the declines are uncertain, although water quality conditions in the Bay
and Delta (e.g., toxicity), decreases in Delta inflow and outflow rates, habitat loss,
agricultural and other instream diversions, and in Delta exports are thought to be
contributing factors.

The location of the estuarine salinity gradient and its associated "entrapment z~ne"
(where biological productivity is relatively high because of the mixing and accumulation
of suspended materials) is controlled by Delta outflow. The location of the entrapment

affects the and of habitat for estuarinezone quantity quality species.

Drinking Water. Beneficial use of drinking water can be impacted by loadings of bromide,
nutrients, salinity, organic carbon, turbidity, pathogens or changes in pH. Pathogens such as
Cryptosporidium parvum in source water can adversely affect municipal drinking water supplies.
Nutrient loading, and subsequent algae blooms, can impair the taste and odor ofmtmicipal water
supplies and increase the expense of treating the water. Elevated turbidity due to suspended
solids can be responsible for increasing treatment costs for municipal water supplies.

A major problem during periods of low Delta outflows is tidal mixing of salt into the Delta
channels. Salts are a major concern with regard to municipal drinking water supplies because of
the presence in sea water of bromide, which contributes to unwanted disinfection byproducts
(DBPs). Salt can result salty taste, corrosion of appliances, plumbing and industrial facilities, and
reduced opportunity for waste water recycling. Salts also are present in freshwater inflows to
the Delta due to and The most concentrated ofmunicipal agriculturaldischarges. heavily sources
agricultural drainage to the Delta is the San Joaquin River.

Organic carbon in source water can adversely affect municipal drinking water supplies by
combining with water treatment disinfectants to produce harmful by-products (e.g.,
trihalomethanes). Agricultural drainage is of particular concern to drinking water because the
peat soils of the. Delta contribute organic carbon to the agricultural drainage water. Delta
diversions through the State Water Project H.O. Banks and North Bay Pumping Plants, the
Central Valley Project Tracy Pumping Plant, and the Contra Costa Water District Pumping Plant
at Rock Slough supply water for municipal purposes. Figure 2-1 depicts the interaction between
sources of bromides, organic carbon and salinity and municipal water intakes.

Agriculture. Beneficial uses of water by agriculture can be impacted by loadings of boron, salts,
nutrients, pH, sodium absorption ratios, and turbidity. Excess salts can result in plant toxicity and

effects and Salts affect the of a to absorb water.negative on plantgrowth cropyield. ability plant
Salts coupled with a disproportionate amount of sodium in the water can cause the soil surface to
seal, limiting water infiltration. Excessive vegetative growth or delayed crop maturity can result
from excessive nutrients and white deposits on fruit or leaves can occur due to sprinkling with
high pH water. Turbidity and nutrients can foul irrigation systems. More than 1,800 agricultural
diversion are located within the Delta. These diversions are shown in Figure 2-2. Irrigation
water destined for use on millions of acres in the San Joaquin Valley and Southern California is
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diverted through the Harvey O. Banks and Tracy Pumping Plants.

Environment. Beneficial uses of water for environmental purposes, specifically fishery
resources, have been impacted due to toxic pollutants such as trace metals and synthetic organic
compounds. Also, nutrients, pathogens, pH, dissolved oxygen and temperature have the potential
to affect Delta species. Populations of striped bass and otherhavespecies declined.significantly
from historical levels. Causes of the declines are uncertain, although water quality conditions in
the Bay and Delta, decreases in Delta inflow and outflow rates, habitat loss, agricultural and
other instream diversions, and in-Delta exports are thought to be contributing factors. Metals,
pesticides, salts, and ammonia in elevated concentrations can be toxic to early life stages of fish
and invertebrate species. Mercury can bioaccumulate in the upper levels of the food chain,
affecting larger fish, birds and mammals. Pathogens can adversely affect fish either acutely
(lethality) or chronically 0aistopathologieal effects, impaired reproduction). Solids can increase
turbidity in water bodies, reducing photosynthesis and available food for fish. Solids can also
cause siltation of water bodies, burying and ruining spawning gravels that are essential fish
reproduction habitat. Nutrient loading can lead to direct or indirect (abnormal algae blooms)
depletion of dissolved oxygen in water bodies, which can suffocate aquatic organisms, and lead
to observable fish kills. Nutrient limitations may at times limit food availability to aquatic
species.

Reer~fion. Recreational beneficial uses in the Delta may be affected due to pathogens, metals,
pesticides, solids, or nutrients. Microbial pathogens can adversely affect the health of those who
are participating in water contact recreation, such as swimming, water skiing, or windsurfing.
Pathogen contamination of fish or shellfish can adversely affect public health. Certain metals
and pesticides, such as mercury and DDT, bioaccumulate in the food chain and can adversely
affect recreational fishers who consume contaminated fish and shellfish. Solids loading can
increase the turbidity of waters and interfere with the aesthetic enjoyment of these natural
resources and constitute a hazard to swimmers. Solids loading is also a mechanism by which
pathogens, metals, pesticides, and nutrients are transported into waters that support recreational
beneficial uses. Nutrient loading can promote algal blooms that reduce water clarity and
sometimes cause unsightly, odorous floating mats and fouling of boat hulls.

Industrial. Industrial beneficial uses of water may be impaired due to salinity, phosphates,
ammonia. Salinity has adversely affected industrial such as manufacturingprocesses paper
through corrosion and mineral scaling of industrial equipment. For refineries, a major user of
industrial water, high concentrations of phosphates can aggravate scaling concerns in cooling
water systems and high levels of ammonia can cause cracking in brass cooling heat exchangers.
Industrial water is diverted and conveyed through the same facilities used for municipal
purposes, however for many industrial purposes water is diverted and conveyed to the industrial
facility prior to treatment for municipal use purposes. Industrial facilities treat raw water to the
water quality required for their industrial process.
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I
SECTION 3

I PARAMETERS OF CONCERN

Parameters identified by the Water Quality Technical Group as of concern to beneficial uses of
water are identified in Table 3.1. This list of parameters may change over time in response to
additional knowledge and understanding of these and other parameters.

Table 3.1 Water Quality Parameters of Concern to Beneficial Uses
ENVIRONMENT URBAN AGRICULTURE RECREATION ENDUSTRIAL

Metals&Toxlc Elements Disinfection By- Other Metals Other
Cadmium Product Precursors Boron Mercury Salinity
Copper Bromide Chloride Organics/Pesticides pH
Mercury TOC Nutrients (Nitrate) PCBs Alkalinity
Selenium Other pH (Alkalinity) DDT Phosphates
Zinc Pathogens SaIinity (TDS, EC) Other Ammonia
Organics/Pesticides Turbidity SAR Pathogens
Carbofuran Salinity (TDS) Turbidity Nutrients
Chlordane Nutrients (Nitrate) Temperature
Chlorpyrifos pH
DDT
Diazinon
PCBs
Toxaphene
Other
Ammonia
Dissolved Oxygen
Salinity (TDS, EC)
Temperature
Turbidity
Unknown Toxicity*
Unknown toxicity refers to observed aquatic toxicity, the source of which is unknown.

Following is a description of the parameters of concern. More detailed information on measured
concentrations of parameters (water column, sediment and tissue) throughout the water quality
problem area will be available in the CALFED Water Quality Affected Environment Report.
Problems associated with the parameters are described in Section 6.

General Parameter Description

Metals & Toxic Elements
Heavy metals originate primarily from rocks and minerals, mining activities, and discharges of
municipal and industrial wastes. Residues from heavy metals may produce serious pollution
problems in the Delta because of toxic effects on fish and other aquatic organisms and may
bioaccumulate in biological tissues. These residues can be measured in water, soils, sediments,
and organisms that inhabit Delta channels. The detection of a particular compound depends on
its persistence and mobility in the environment, as well as its source characteristics. SWRCB has
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characterized cadmium, copper, mercury, and zinc as pollutants of concern because their
widespread or repeated detection indicates their potential to cause adverse effects on beneficial

in the State Water Resources Control Boarduses estuary(California 1990).

Cadmium, Copper and Zinc. The Delta receives the majority of its metals loadings from historical
mining activities in upstream watersheds. The sources of mining wastes along Spring Creek in
the upper Sacramento River watershed contribute large loads of chromium, cadmium, copper,
nickel, and zinc to the upper Sacramento River (California Department of Water Resources
1994a). The Iron Mountain Mine, in particular, contributes most of the cadmium, copper, and
zinc transported in the Sacramento River. Urban and industrial runoff can also contribute
significant loadings of copper and zinc. Urban runoff in the Central Valley and the Bay Area has
exhibited toxicity to the test algal organism, Selanastrum. TIE studies with this species
identified copper, zinc, and the herbicide diuron as causing toxicity:

Mercury. Large amounts of mercury were used in the processing of gold, and river flows
originating in historic gold-mining areas continue to contribute mercury to Delta waterways.
Natural that mined in the Cache Creek basin to contributedepositsof mercury were aresuspected
high loadings of mercury to Delta waters.

Mercury is of concern from an environmental and human health perspective. During a peak
storm period in 1995, mercury levels at the Creek’s outfall at the Yolo Bypass were measured at
695 parts per trillion. (Pers.conv. Bill Croyle, CVRWQCB) The EPA water quality criteria is 12
parts per trillion total mercury.-SWRCB biennial water quality assessments list 48,000 acres of
Delta waterways as impaired because of fish consumption advisories for mercury (California
State Water Resources Control Board 1992, 1994). A health advisory for the consumption of
striped bass from the Delta because of elevated levels of mercury in fish tissues has been in effect
since the mid-1970s.

Selenium. Selenium is an inorganic .constituent of soils found in alluvium derived from rocks that
originate on the ocean floor. It is particularly evident in the soils of the west side of the San
Joaquin River basin. Relative to irrigation salts containing selenium tend to concentratewater,
by 2-5 times in agricultural drainage. Selenium is leached out of soils as a result of irrigation and
concentrates further when drainage return flows are stored in surface impoundments for long
periods, or when irrigated land is inadequately drained.

Selenium is primarily an environmental concern. In 1983, high rates of waterfowl death and
deformity were observed in Kesterson National Wildlife Refuge and were attributed to toxic
concentrations of selenium in concentrated agricultural drainage. There is continued concern
over San Joaquin River selenium transport from irrigated farm lands and industrial discharges of
selenium into the Delta.
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Organics/Pesticides
Residues from organic pesticides and herbicides may produce serious pollution problems in the
Delta because of toxic effects on fish and other aquatic organisms andbioaccumulate inmay
biological tissues. Similar to heavy metals, organic pesticides are detected in a variety of sample
types, depending on the persistence and mobility of the particular compound. SWRCB biennial
water quality assessments list Delta waterways as impaired because of elevated levels of
pesticides (California State Water Resources Control Board 1992, 1994). Most parameter
concentrations in fish do not exceed standards established by the U.S. Food and Drug
Administration or the National Academy of Sciences for the consumption of fish tissues. The
presence of pollutants in fish demonstrates, however, that organic pesticides are bioaccumulating
in the Delta food webs.

Although pesticides are rarely detected in Delta water samples, data from various monitoring
programs conducted by DWR and SWRCB have shown that contamination by synthetic organic
chemicals is prevalent in sediment and organisms collected throughout the Delta. The Toxic
Substances Monitoring Program has routinely detected chlorinated pesticides (e.g., DDT,
toxaphene, and chlordane), the pesticides most resistant to chemical breakdown, in Delta
sediments and biological tissue samples. Levels of these pesticides exceed identified thresholds
for risk to humans, wildlife, or the biological receptors that come in contact with the pollutants
(California State Water Resources Control Board 1995b).

Chlorpyrifos and Diazinon. Toxicity Identification Evaluation (TIE) studies of urban runoff
have linked observed toxicity with the presence of Chlorpyrifos and Diazinon. Urban runoff in
the Central Valley and the Bay Area has exhibited acute toxicity to the test organism,
Ceriodaphnia. Both of these pesticides are widely available and have been detected
simultaneously in urban creeks throughout the CALFED problem and solution areas. They are
found in urban creeks throughout the year, but concentrations peak during the orchard dormant
spray season (Foe, 1995). Ambient monitoring and composite rainfall samples suggest that the
pesticides come from both urban and agricultural sources.

Other

Boron. Boron is essential in small quantities for optimum plant growth, however, minimal
exceedance of the desirable limit can result in plant toxicity problems, manifested as drying and
chlorosis. Climatic and soil conditions also influence boron toxicity, with boron uptake being
generally higher at lower soil pH. Sensitive crops have shown toxic effects at and below 1 mg/L
(Ayers and Westcot, 1985). Exceeding this limit can result in significant loss in crop yield.
Boron concentrations can be reduced by various management practices similar to those for
chloride. Reclaiming boron-affected soils requires leaching the boron from the root zone.

Because boron mobility is reduced by adsorption on soil particles, removing it from the soil
profile requires approximately two to three times mor leaching water than is typically required
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for reclaiming saline soils (Hanson, 1993). Surface waters do not usually contain boron at toxic
levels. Groundwater from wells or springs can contain toxic levels, especially near geothermal
areas and earthquake faults. Some areas near the Delta are underlain by groundwater with high
levels of boron. The average concentration in seawater is reported as 4.5 mg/L in the form of
borate (EPA, 1976).

Chloride. For agriculture the most common toxic ion encountered in irrigation water supplies is
chloride. Chloride is adsorbed (or retained) only slightly on soil particles. It therefore moves
readily with the soil water and is taken up by the crop, accumulating in the leaves during
transpiration. At toxic levels, injury symptoms develop such as leaf burning and desiccation.
Continued uptake can lead to dead tissue and is often accompanied by early leaf drop or
defoliation. Uptake of chloride depends on the relationship between the ability of the crop to
exclude chloride, and concentrations in the soil water. Soil-water concentrations are controlled
by concentrations in irrigation water and the amount of leaching that occurs. Crop tolerance of
chloride is not as well documented as crop tolerance of salinity, and quantitative yield reduction
relationships have not been defined. However, in general, woody plants, such as California’s
fruit and nut tend to be more sensitive to chloride. Crops under overhead sprinklercrops, grown
irrigation can take up chloride through foliar adsorption of irrigation water into leaves during and
after irrigation events. Management for chloride includes leaching in a manner similar to
salinity, more frequent irrigation, selection of more tolerant crops and blending or switching to
alternative water supplies. Where foliar absorption is a problem, certain management practices
have been successful in minimizing effects. Some practices may require minor changes in
management, while others will require more elaborate and costly changes. Some of these
practices include scheduling irrigation at night, avoiding irrigation during high winds, increasing
sprinkler rotation speeds, increasing application rates and increasing droplet size. (For more
information on Chloride see Disinfection By-Products).

Disinfection Byproducts in Treated Drinking Water. THM compounds formed during
chlorination of DOC in drinking water contain chloroform and brominated methanes.
Chloroform, when administered at high doses, has been shown to increase the risk of liver and
kidney cancer in mice (National Cancer Institute 1976). The suspected carcinogenic risk to
humans from THMs has led some communities to study and change their methods of disinfecting
drinking water. THM levels in drinking water can be reduced by using alternatives to
chlorination to treat water for human consumption (e.g., or chloramination), althoughozonation
other potentially harmful DBP compounds (e.g., bromate) may be formed during these
disinfection processes. Disinfection itself is being more carefully regulated by EPA to avoid
problems involving various pathogens (e.g., bacteria, viruses, and protozoa). Reducing DOC
concentrations in raw water before disinfection with flocculation or granular-activated carbon
adsorption or removal of DBPs after being formed can reduce DBP levels but may be quite
expensive.

Chloride and Bromide. Most of the Delta islands are as much as I0 to I5 feet below mean tide
level. Tides in the Delta not only threaten the protecting levees, but bring periodic intrusion of
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seawater, which mixes with the inflowing Delta freshwater. Tidal currents created by the rise
and fall of sea levels modify stream flow, particularly when outflows are low or when tides are
high (DWR, IDHAMP, 1989). Intruded seawater is a major source of bromide, particularly in
the western Delta. Bromide is a naturally occurring salt ion (halogen) of seawater origin and
reacts with disinfectants to form brominated DBPs. Thus, intrusion profoundly affects Delta

withdrawn the Contra Costa Water SWP and intakes.water at District, CVP

The presence of bromide in a drinking water source complicates the disinfection process. As with
chlorine, bromide forms THMs in the chlorination process and these brominated THM’s are also
toxic to human health. Bromide is about twice as heavy as chlorine, and the THM standard is
based on weight. Hence, it takes fewer molecules of brominated THMs to exceed the drinking
water standard. Another method of disinfection, ozone treatment, is also complicated by the
presence of bromide because it forms bromate, another undesirable DBP. Bromide contributes
substantially to the formation of DBPs in treated drinking water from the Delta. Sources of Br
in Delta water are seawater intrusion, San Joaquin River inflow containing agricultural drainage,
and possibly cormate groundwater (i.e., water trapped within sedimentary rocks that is often
highly mineralized). It is uncertain whether there are native bromide sources in the San Joaquin
Valley, or whether bromide found in the River is a result of concentration of bromides in
agricultural irrigation water taken from the Delta and returned to the Delta through the River.
Bromide has been measured by MWQI programJanuary 1the since 990.

Total and Dissolved Organic Carbon. Organic materials enter the water from the following
sources in the Delta in decreasing order of amounts:
¯ natural materials, vegetation, and organics soils;
¯ agriculture, as vegetative organics in drainage;
¯ urban runoff;
¯ municipal and industrial wastewater discharges;
¯ pesticides and herbicides.

Organic carbon is one of the primary variables that influence the potential for DBP formation.
Applicable drinking water standards are based on TOC concentrations; however, most of the
available data for the Delta have focused on DOC. In general, most TOC in Delta waters is
present in the dissolved form. The most common DBP is THM compounds formed during
chlorination of DOC in water These substances includedrinking supplies. carcinogenic
chloroform and bromoform. MWQI studies have documented that Delta exports contain
relatively high concentrations of DOC. Agricultural drainage discharges that contain natural
organic matter from decomposing peat soil and crop residues are the major source of DOC in the
Delta (California Department of Water Resources 1994b). Additionally, DOC is carried into the
Delta from upstream inflows. Minimizing DOC concentrations in source waters is a major water
quality goal for drinking water uses to meet new EPA regulations for DBPs. Utilities must
undertake studies to control organic carbon in their source water if TOC exceeds 2 mg/1 at the
water intake.
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Dissolved Oxygen. Dissolved oxygen (DO) concentrations serve as indicators of the balance
between sources of oxygen (e.g., aeration and photosynthesis) and oxygen consumption (through
decay and respiration processes). The capacity of water to dissolvedecreases withoxygen
increasing temperature and often varies with the cycle of daily photosynthetic activity of algae
and plants. DO concentrations in Delta channels are not generally considered a problem, except
in the waterways around Stockton and in some dead-end sloughs.

Nutrients. Nitrogen and phosphorous are the two nutrients which most often limit algal growth
at low concentrations and trigger algal growth at elevated concentrations. Generally, in the
presence of sufficient light and elevated temperatures, as nutrient concentrations increase algal
productivity increases. A self perpetuating cycle of nutrient enrichment, plant growth,
accumulation of muck, oxygen depletion, and nutrient recycling from the sediment follows.
Eventually, the rate of oxygen consumption can exceed the rate of absorption, resulting in, blue-
green algae blooms, odors, and eventually the death of fish and aquatic life. Drinking water taste
and odor problems can occur from algae decomposition.

For agriculture excessive nutrients can result in excess vegetative growth, reduced yields,
delayed or uneven maturity, or reduced quality. Algal growth stimulated by excess nutrients can
increase facilities maintenance costs. In extreme cases, irrigation equipment for sprinkle and drip
irrigation can plug, increasing maintenance costs. Sensitive crops may require an alternative or
blended water supply, or may not be grown. Alternative, more tolerant crops can be grown, but
other water quality parameters, land suitability and market conditions dictate crop selection.

Pathogens. Microbiological organisms of principal concern as agents of disease or indicators of
potential contamination in drinking water include coliform bacteria, viruses and protozoan and
helminth parasites. Total coliform bacteria measurements indicate the general level of urban and
animal contamination of a water supply. Microbial agents have been responsible for waterborne
outbreaks of infectious disease. Their presence in raw waters has been a principal thrust of water
treatment technology. Waterborne diseases still occur in the United States. The Center for
Disease Control (CDC) and EPA have estimated 1 million cases of illness per year and 1000
deaths per year due to waterborne diseases.

Principal waterborne bacterial agents that cause human intestinal disease are summarized in
Table 3.2. Rather than each of these utilitiesattempttoanalyze pathogenicbacteria,water
routinely monitor for total and fecal coliform bacteria, an indicator organism. With few
exceptions, these organisms, which originate in the intestinal tract of warm-blooded animals and
other sources, are not pathogenic. Because coliforms are more abundant than pathogens in
human waste by several orders of magnitude, the tests provide a margin of safety against
pathogens. If coliforms are not detected, it is assumed that bacterial pathogens would not be
likely to be present, or at least they are likely to be below the levels known to infect. Although
the tests have limitations, they are still the most widely used indicators of bacterial water quality.

Viruses. In contrast to bacteria, enteric viruses are always assumed to be pathogenic. The
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prevailing theory is that only one infective unit (which may be as low as one virus) can cause
infection. Because clinical symptoms do not always result from infections, because it is difficult

I to link infections to a waterborne source, because there are difficulties in detecting viruses, and
because people are exposed to viruses from many sources, the extent of waterborne diseases due
to viruses is not well quantified. The CDC estimates that of the 1 million of cases per year of

I illness from waterbome than 50 viral. Virusesmicroorganisms,perhapsmore percentare of
concern in drinking water are listed in Table 3.3. The enteroviruses (polio, Coxsackie A,
Coxsackie B, and echoviruses), adenoviruses, reoviruses, the hepatitis viruses, and rotavirus can

I be detected by laboratory cell culture techniques.

I Table 3.2 Principal Waterborne Bacterial Agents And Associated Health Effects

Bacteria Disease
Salmonella typhi Typhoid fever

Salmonella paraO~phi-A Paratyphoid fever

Salmonella (other species) Salmonellosis, enteric fever

Shigella dysenteriae, S. flexneri, and S. sonnei Bacillary dysentery

Vibrio cholerae Cholera

Leptospira sp. Leptospirosis

Yersinia enterocolitica Gastroenteritis

Francisella tularensis Tularemia

Escherischia coli (specific enteropathogenic strains) Gastroenteritis

Pseudomonas aeroginosa Various infections

Enterobacteriacae (Edwardsiella, Proteus, Serratia, Bacillus ) Gastroenteritis

Campylobacter Gastroenteritis

Fable 3.3 Enteric Viruses and Their Associated Diseases

Virus Group Number of Types Common Disease Syndromes
Enteroviruses

Polioviruses 3 Poliomyelitis, aseptic meningitis

Coxsackieviruses A 23 Herpangina, asepticmeningitis, exanthem

I Coxsackieviruses B 6 Aseptic meningitis, epidemic myalgia, myocarditis, pericarditis

l~choviruses 31 Aseptic meningitis, exanthem, gastroenteritis

Adenoviruses 31 Upper respiratory illness, pharyngitis, conjunctivitis

Reoviruses 3 Upper respiratory illness, diarrhea, exanthem

tIeaatitis viruses

Hepatitis A Virus 1 Viral hepatitis type A or infectious hepatitis

Hepatitis B Virus 4 Viral hepatitis type B or serum hepatitis

Rotavirus 2 Gastroenteritis

I Norwalk agent 1 Gastroenteritis
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Parasites. Eggs and cysts of parasitic protozoa and helminths (worms) excreted into the
environment may enter water supplies. All can severely disrupt the intestinal tract. Two of these
are Giardia lamblia and Cryptosporidium parvum. Their cysts/oocysts are far more resistant to
disinfectants than bacteria or most viruses.

Giardia lamblia. Giardia lamblia, the intestinal protozoan most frequently found in human
populations worldwide, is the most commonly identified agent of water-borne diseases in the
United States (Feachem, et al., 1983). Waterborne giardiasis may be increasing in the U.S. with
95 outbreaks over the last 25 years. Over 60 percent of all Giardia lamblia infections are
believed to be acquired from contaminated water. Giardia lamblia cysts are found in water
contaminated by fecal material from infected humans and animals. Giardia lamblia forms an
environmentally resistant cyst that allows the parasite to survive in surface water and treated
drinking water.

Ingestion of as few as 10 cysts can cause infection (Rendtorff and Holt, 1954). Infection was
measured by the excretion of cysts, and illness was not determined. The ratio of illness to
infection is highly variable. Giardia lamblia infections with no symptoms of illness may be as
high as 39 percent for children under 5 years old and 76 percent for adults in certain populations
(Craft, 1981; and Wolf, 1979; as reported in Rose, et al., 1991). At the same time, symptomatic
infections have been reported at a rate of 50 to 67 percent and as high as 91 percent in others
(Veazie, et al., 1979, as reported in Rose, et al., 1991). In yet other groups, chronic giardiasis
may develop in as many as 58 percent of an infected population.

Cryptosporidium parvum. Cryptosporidiumparvum, an intestinal protozoan parasite, was first
identified in 1907, but has been recognized to cause diarrheal disease in humans only since 1980.
The first documented waterborne outbreak of cryptosporidiosis in humans occurred in the U.S. in
1985. In January 1988, EPA added Cryptosporidium parvum to the Drinking Water Priority List.
The severe gastro-intestinal symptoms of the disease last an average of 12 days, and are self-
limiting in people with normal immune function. Illness patterns vary with age, immune status,
and variations in the virulence of Cryptosporidium parvum. Young mammals are more
susceptible. For AIDS and cancer patients, cryptosporidiosis can cause mortality. The oocyst
(infective stage) dose necessary to cause an infection in humans is unknown, but may be low; in
a primate study, two individuals became infected after to only 10 (Miller, et al.exposure oocysts
1986). No effective treatment for the disease exists. Cryptosporidium parvum is transmitted
between humans and warm-blooded animals, including cats, dogs, cattle, goats, mice, pigs, rats,
and sheep (Fayer and Ungar, 1986, as reported in Rose, 1991). Cryptosporidiumparvum from
birds will not infect mammals, however. Common sources of Cryptosporidiutn parvum in water
are wildlife in a watershed, sewage discharges, and domestic animals (including runoff from
grazing lands and dairies). For example, surface water running through cattle pastures can
contain up to 6,000 oocysts per liter (Madore, et al., as reported in Peeters, et al., 1989).
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Cryptosporidium parvum in drinking water strongly resists chlorine disinfection. In addition,
Cryptosporidiurn parvum levels do not correlate well with indicator coliform bacteria levels, so
meeting standards for coliforms and turbidity (a measure of the reduction of clarity of a water by
suspended particles) may not be a sufficient measure of treatment reliability for removal of
Cryptosporidium parvum. Normal levels of chlorine in drinking water have been shown to be
ineffective for inactivating Cryptosporidium parvurn, even after 18 hours of contact. However,
ozone and chlorine dioxide have been found to be more effective disinfectants (Peeters et al.,
1989). Sand filtration alone reduces but does not completely eliminate oocyst concentrations.
Filtration with coagulation achieves greater removals.

pit. The formation of DBPs in drinking water is dependent a variety of parameters, one of which
is pH. pH of source water can affect the effectiveness of drinking water treatment technologies.
For agriculture pH problems are related to potential corrosion or plugging of irrigation

(such aluminum pipe and drip emitters) and precipitation of residuesequipment as onplants
(such as cut flowers in greenhouses). Nutritional imbalance can be caused by irrigation water
with a pH outside of the normal range.

Sodium Absorption Ratio (SAR). SAR is of concern to agricuItural beneficial uses. Sodium
hazards in irrigation and soil waters can impair crop production. Unlike salinity, excessive
sodium does not curtail the uptake of water by plants, but rather destroys soil structure and
reduces the infiltration of water into the soil. Thus, plant growth can be affected by drought
stress and lack of aeration. When calcium and magnesium are the predominant cations absorbed
on soil particles, the soil tends to have a granular structure that is easily tilled and readily
permeable. Unbalanced by other cations, large amounts of sodium can disperse soil particles, so
that soil structure breaks down and hydraulic conductivity decreases. Good soil structure and
adequate drainage are essential for sustainable soil and salinity management. Additional
agronomic issues arising from excess sodium include soil crusting (especially over seedbeds),
temporary saturation of the soil surface layer, and/or related disease, weed, root-respiratory, and
nutritional problems. In extreme cases and for sensitive plants, sodium ions can be phytotoxic,
much in the same manner as chloride. Management of sodium by leaching alone can be
impractical because of problems with soil aeration and drainage. Sodium is generally managed
by replacement with calcium through the addition of gypsum, or sulfuric acid, which reacts with
soil calcium carbonate, to liberate calcium. These treatments must be followed by leaching with
water of acceptable quality. In general, the benefit of a water-applied amendment is much
greater when the irrigation water salinity is relatively low. The primary sources of sodium are
seawater and agricultural drainage. SAR can affect crop yields and sensitive crops such as
orchards and beans. It is a particular issue in the western and interior Delta.

Salinity. Salinity in of concern to municipal users because (1) bromide, a component of saline
water, forms DBP precursors (bromide and total organic carbon); (2) there is a need for low
salinity supplies to assure the feasibility of local wastewater reclamation and conjunctive use
projects, (3) there is a need for low salinity supplies to minimize and retard the corrosion of
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infrastructure and appliances, (4) there is a need for low salinity supplies to improve the
aesthetics of drinking water. Salinity is of concern to agricultural users because of potential plant
toxicity problems. (California Urban Water Agencies (CUWA)/CALFED, 1996).

Sources of marine water include salt water intrusion into the Delta from San Francisco Bay and
connate groundwater. The magnitude of saline water intrusion is influenced by Delta outflow,
which defines the upstream boundary of the salinity wedge. Seawater is the primary source of
salinity. Agricultural drainage from the Delta, upstream agricultural drainage from sources on
the Sacramento and San Joaquin rivers, and urban rtmoffmay also affect salinity concentrations.
Urban runoff consists of dissolved minerals, whereas agricultural drainage is made up of soluble
salts from irrigation water leached from the soils (CUWA, 1995).

Electrical Conductivity (EC), more correctly known as specific conductance, is the most
common general measure of dissolved minerals in Delta waters. EC is generally considered a
conservative parameter, not subject to sources or losses internal to a water body. Therefore,
changes in EC values can be used to interpret the movement of water and the mixing of salts in
the Delta. EC values increase with concentration, decrease with dilution, and may be elevated in
agricultural drainage discharges and areas affected by seawater.

For agriculture, irrigation water quality affects the amount and type of salts found in soil. When
water is applied as irrigation, crop uptake and evaporation remove pure water with some
dissolved salts, particularly nutrient salts. However, most of the water’s salt load remains in the
crops root zone after uptake of water by roots. When water does not leach from the soil, but is
only added to meet crop needs, the soil accumulates residual salt over time. If the frequency of
leaching is too low, then salt concentrations may reach levels that stress growing plants. In
general, salt influences plant growth by depriving the roots of water. Water uptake by plants is
driven by differences in water Content and salt concentration between the root interior and the
soil. When the salt concentration of the soil increases, plants must accumulate salt themselves,
or must dehydrate to continue to extract water from the soil.

Plants vary in their ability to adapt to saline conditions by these and other mechanisms; and
therefore, vary in their ability to tolerate saline conditions. Even tolerant plants, though they
survive, may not produce as much when grown under saline conditions. This is because
extraction of water from saline soil requires more plant energy, which might otherwise be
allocated for plant growth and metabolism. In addition to crop water uptake, salinity can affect
agronomic system in other ways (See sodium). The major objective in selecting management
practices to control salinity is to maintain adequate soil water availability to the crop. Procedures
that require relatively minor changes in management are more frequent irrigation events,
selection of more salt-tolerant crops, additional leaching, pre-plant irrigation events, and altered
seed placement. Alternative that may require significant changes in management are changing
the irrigation method, altering the water supply, land-grading, modifying the soil profile (deep
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ripping), and installing artificial drainage. Management practices must fit the method of
irrigation. After salinization, one study showed 10 to 15 percent salt removal by leaching that
should theoretically remove 50 percent of accumulated salinity (Mass & Hoffrnan, 1983). Field
realities may influence saline land management.

Temperature. Temperature governs rates of biochemical processes and is a major environmental
factor in determining organism preferences and behavior. Water temperatures in the Delta are
generally a function of the weather and runoff conditions. Delta temperatures are influenced
only slightly by water management activities. The most common environmental impacts
associated with water temperatures are localized effects caused by discharges at substantially
elevated temperatures (e.g., thermal shock). Fish growth, activity, and mortality are related to
their temperature tolerances. The Delta supports fish species, such as the Chinook salmon and
striped bass, that require different warm- and coldwater habitat conditions.

For agriculture temperature of irrigation water has direct and indirect effects on plant growth.
Each occurs when physiological functions are impaired by excessively high or excessively low
temperatures. The direct effects on plant growth from extreme temperature of the irrigation
water occurs when the water is first applied, and they are less pronounced with pressure
irrigation systems than with surface irrigation systems. Indirect effects of the temperature of
irrigation water on plant growth occur as a result of the water’s influence on soil temperature.
Temperature effects are primarily related to rice seedling emergence and crop development. Rice
production is concentrated in the northern San Joaquin and southern Sacramento valleys. When
water is colder, irrigation facilities that spread water out for solar warming can be used, including
shallow reservoirs and flooded fields. Some rice farms designate an upper part of the field for
spreading and warming water, or else they accept lower productivity in parts offarm thattheir
receive irrigation water directly from the canal.

Turbidity. Turbidity is a nonspecific measure of suspended matter such as clay, silt, organic
particulates, plankton, and microorganisms. The presence of suspended solids (often measured
as turbidity) is a general indicator of surface erosion and runoff into water bodies, resuspension
of sediment materials, or biological productivity. Following major storms, water quality is often
degraded by inorganic and organic solids and associated adsorbed contaminants (such as metals,
nutrients, and agricultural chemicals) that are resuspended or introduced in runoff. Such runoff
and resuspension episodes are relatively infrequent; persist for only a limited time; and,
therefore, are not often detected in regular sampling programs. Large Delta inflows, sediment
resuspension during dredging activities, agricultural drainage discharges, and suspended
planktonic algae are the main causes of high SS concentrations.

The attenuation of light in Delta waters is controlled by SS concentrations (with some effects
from chlorophyll). These concentrations are often elevated in the entrapment zone as a result of
increased flocculation (i.e., aggregation of particles) in the estuarine salinity gradient. High
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winds and tidal currents also contribute to increased SS concentrations in the estuary. Suspended
sediments tend to suppress algae growth in much of the Delta (California State Water Resources
Control Board 1995a).

Turbidity is of concern in drinking water because it can render water aesthetically unacceptable
to the consumer; reduce the efficiency of disinfection by shielding microorganisms; and act as a
vehicle for the concentration, transport, and release of organic and inorganic toxicants, bacteria,
and viruses.

From an agricultural perspective the effects of turbidity on plants and soils include the formation
of crusts at the soil surface (inhibiting water infiltration and aeration, impeding seedling
emergence, and hindering leaching of saline soils), and the formation of films on plant leaves
(blocking sunlight and reducing photosynthesis and marketability). High colloidal content in
water used for sprinkler irrigation can result in deposition of films on leafy vegetable crops such
as lettuce, which affects marketability and management. Settleable matter in the water can
prematurely decrease reservoir capacity, and increase maintenance requirements on delivery
canals due to siltation. Turbidity also increases wear on pumping facilities. As agricultural lands
in the Sacramento and San Joaquin valleys continue to be irrigated with low-volume irrigation
systems like drip and micro-sprinkle, clogging, maintenance, and on-farm water management
(filtration) requirements will need to be considered when selecting a new system or evaluating
water supply. Filtration and maintenance requirements for turbid water for low-volume
irrigation can be costly and may make the water unusable.

SOURCES OF INFORMATION

Water Quality Monitoring Programs

Federal, State and Local agencies conduct ongoing water quality monitoring programs in the
Delta. The following section reviews previous and ongoing studies that provide primary data on
key water quality parameters for CALFED.

Regional Programs

Interagency Ecological Program of the Sacramento-San Joaquin Estuary. The Interagency
Ecological Program (IEP) was initiated by DWR, the California Department of Fish and Game
(DFG), the U.S. Bureau of Reclamation (Reclamation), and the U.S. Fish and Wildlife Service
(USFWS) to provide information about the effects of CVP and SWP exports on fish and wildlife
in the Bay-Delta estuary. Analysis of water quality components focused on salinity and algal
productivity (nutrient) effects. SWRCB, the U.S. Environmental Protection Agency (EPA), the
U.S. Army Corps of Engineers (Corps), and the U.S. Geological Survey (USGS) currently
provide additional program assistance. IEP investigations have changed periodically as new
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information is gathered and resource topics decrease or increase in importance. Program data are
available to the public, annual IEP reports are issued, and newsletters and annual meetings
provide information about study results.

San Francisco Estuary Regional Monitoring Program. The 1993, 1994, and 1995 Annual
Reports for Trace Substances provide information on water quality monitoring data.
Specifically, ambient concentration data is available throught the Delta and Bay regions for key
parameters of concern.

Sacramento Coordinated Water Quality Monitoring Program. The Sacramento River
Coordinated Monitoring Program was initiated in 1991 by the City and County of Sacramento.
The program is now a component of the larger Sacramento River Watershed Program. Sampling
under the program began in December, 1992. Ambient water quality monitoring is conducted at
five locations on the lower Sacramento River in the vicinity of Sacramento. Water quality data is
reported in annual reports for 1992 to 1995.

Federal Pro~ams

Environmental Protection Agency
Clean Water ~lct Section 305(b). SWRCB is required to report (biennially) on water quality
conditions in California streams, lakes, and groundwater basins. Individual Delta channels are
not classified in the Section 305(b) reports.

Clean Water Act Section 303(d).Requires states to identify water bodies within their boundaries
that exceed water quality standards. As a result, the California State Water Resources Control
Board identifies and maintains a list of the State’s impaired waterbodies. For each water body,
the SWRCB identifies the water quality problem, its source(s), and areal extent. In addition to
indentifying imparied water bodies, states are required to prioritize the impaired water bodies
based on the severity of the water quality problem and their use and to estimate the maximum
parameter load allowable, known as the total maximum daily load (TMDL). In 1996, the
SWRCB identified approximately 95 impaired water bodies within California. Currently, the
303(d) list of impaired water bodies is reviewed and reported biennially to coincide with the
305(b) reporting schedule.

United States Geological Survey
Much of the available water temperature information came from USGS records, which were
obtained from the compact-disk version of U.S. Geological Survey (USGS) WATSTORE
database. Additonal USGS data on water quality and streamflow was found using the National
Water Quality Monitoring Networks (WQN) HomePage.
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State Programs

California Department of Water Resources
Municipal Water Quality Investigations Program. DWR’s Municipal Water Quality
Investigations (MWQI) Program encompasses the previous Interagency Delta Health Aspects
Monitoring Program (IDHAMP) and Delta Island Drainage Investigations (DIDI). IDHAMP
was initiated to provide water quality information for judging the suitability of the Delta as a
source of drinking water (California Department of Water Resources 1989). Issues of concern
included sodium, asbestos, and the potential formation of DBPs. More water quality constituents
have been added, including the characterization of Delta inflows and exports, to provide a means
of chemically tracking the movement of water through the Delta. The DIDI startedprogram
collecting agricultural drainage samples containing pesticide residues, organic materials, and
THM precursors in 1985 to evaluate drainage quality among islands with different soil and
farming practices (California Department of Water Resources 1990).

DA YFLOW Records. Daily Delta hydrology is specified in the DAYFLOW data base maintained
by DWR Central District. The DAYFLOW records, include daily CVP Delta operations for
1967-1991. Simulation results from the monthly Delta operations planning models are known as
DWRSIM.

State Water Resources Control Board
Delta Flow and Salinity Measurements. SWRCB requires DWR and Reclamation to conduct
comprehensive water quality monitoring of the Delta and adjust SWP and CVP operations to
satisfy the applicable objectives. Salinity (EC) monitoring stations at Jersey Point and Emmaton
are especially important for managing releases at upstream reservoir and export pumping to
satisfy water quality objectives. DWR’s Delta Operations Water Quality Section prepares and
distributes a daily report of data on flows and EC to help in making operational decisions.
Reclamation also maintains continuous EC recorders at approximately 20 Delta locations.

Sediment Monitoring Programs

8rate.Programs

Department of Water Resources
Interim North Delta Water Management Program. In an effort to def’me the potential
environmental impact that would result from proposed dredging that could occur in the North
Delta area, a field investigation was conducted in the fall and winter of 1992 to collect and
analyze sediment samples for chemicals of environmental concerr~

Interim South Delta Water Management Program. This environmental study was conducted to
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I help determine the impact that could result from proposed dredging activities associated with the
ISDP, including the effects of the physical and chemical components of the dredged material onI the environment. The ISDP lands and channelsareagenerallycomprises southwestofStockton
and north of Tracy.

I Dredging Projects (Staten Island, South Fork Mokelumne River, North Delta). From 1990 to
1994 sediment samples were collected during actural dredging operations.

! Biological Tissue Monitoring Programs

I State Programs

State Water Resources Control Board
Mussel Watch Program.

Toxic Substances Monitoring Program. Initiated in 1976, the Toxic Substances Monitoring
Program (TSMP) was based on sampling aquatic organisms (e.g., freshwater clams, carp, bass,
and trout) in major California water bodies to determine the extent of accumulation of synthetic
organic chemicals and heavy metals in tissue (Califomia State Water Resources Control Board
1985). Funding for the TSMP was discontinued in 1996.

Additional Sources of Information

Ongoing studies and analyses of the Delta region serve as important sources of information for
the CALFED Water Quality Program. Recent studies and reports include the California

of Water Resources Bulletin 1 California Water PlanDepartment (DWR) 60-9B, Update
(California Department of Water Resources 1994); documentation for the U.S. Bureau of
Reclamation’s (Reclamation’s) CVP operations (U.S. Bureau of Reclamation 1992); an
environmental report prepared by the State Water Resources Control Board (SWRCB) in support
of the 1995 Delta water quality control plan (State Water Resources Control Board 1995);
estuarine standards proposed in December 1993 by the Environmental Protection Agency (EPA);
draft environmental documents for major water resource projects in or adjacent to the Delta,
including the Contra Costa Water District’s (CCWD’s) Los Vaqueros Project (Contra Costa
Water District and U.S. Bureau of Reclamation 1993); DWR’s North-Delta program (California
Department of Water Resources 1990a), and South-Delta program (California Department of
Water Resources 1990b); Interim South-Delta Program (California Department of Water
Resources 1996a); Los Banos Grandes (California Department of Water Resources 1990c); and
the Draft EIR/EIS for the Delta Wetlands Project (Jones & Stokes Associates 1995).
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Additional sources of information for the water quality parameters of concern can be found in
Appendix B. For this report data availability is stunmarized for informational purposes only.
Data evaluation will be used more extensively as part of the EIR/EIS impact assessment process.

Target Ranges for Parameters

A frame of reference is required in order to understand the relevance of data regarding
of For particularly those affecting environmentalparameters concern. someparameters,

beneficial uses, source water quality regulatory standards, objectives or criteria have been
developed. In other cases, such as at municipal and agricultural water intakes, source water
quality standards have not been developed. The Water Quality Technical group reviewed the
existing regulatory requirements and the specific requirements of each beneficiaI use. Based on
this review they recommended target ranges for each parameter of concern at critical locations
throughout the CALFED water quality solution area. Table 3.4 summarizes the source water
quality targets for each parameter of concern.
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Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

Target Ranges
Parameter Sacramento River San Joaquin River Delta
Boron Water:

Agricultural Intakes:
< 0.7 mg/l

Cadmium Water: Water~ Water:
River and Tributaries from above State Hwy 32 2.2 Itg/l (4 day average) ’-" East of Antioch Bridge:
bridge at Hamilton City: 4.3/~g/l (1 hour average) ~" 2.2 ~g/l (4 day average)
0.22 ~tg/l ~,~ 4.3 mg/1 (1 hour average)

Below Hamilton City: 5.0 ppm (dry weight) West of Antioch Bridge:
2.2 gg/i (4 day average) ~e 1.1 ~tg/l (4 day average) x
4.3/xg/l (1 hour average) "’ 3,9 ~tg/! (1 hour average)

Sediment: z S,e.diment: z
5.0 ppm (dry weight) 1.2 ppm (dry weight)

CoPper Water: Water: Water:
River and Tributaries from above State Hwy 32 9.0 gg/l (4 day average) ’,’ East of Antioch Bridge:
bridge at Hamilton City: 5.6 ~tg/l ~c.d 13 ~tg/l (1 hour average) ~ 10 ~tg/l (no hardness connection)

Below Hamilton City: Sediment: z West of Antioch Bridge:
10 ~tg/l (no hardness connection) ~d,r 70.0 ppm (dry weight) 6.5 lxgh (4 day average) ~

9.2 gg/l (1 hour average)
Sediment: z
70.0 ppm (dry weight) Sediment: z

34.0 ppm (dry weight)



Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

Target Ranges
"~’arameter ] Sacramento River ..... San Joaquin River Delta
Mercury Water: Water: Water:
(inorganic) 0.012 lagh (4 day average) b,o 0.012 ~tg/! (4 day average) b.o East of_Antioch Bridge:

2.1 ~tg/1 (1 hour maximum) ,.e 2.1 ggh (1 hour maximum) ,.e 0.012 ggh (4 day average) b,e
2.1 !ttg/l (1 hour maximum)

Sediment: z Sediment: z
0.15 ppm (dry weight) 0.15 ppm (dry weight) West of Antioch Bridge:

0.025 ~tgh (4 day average) x
Tissue:i.y Tissue: ~.Y 2.4 lxg/1 (1 hour average) x
0.5 gg/gm (whole fish, wet weight) 0.5 gg/gm (whole fish, wet weight)

Sediment: ¯
0.15 ppm (dry weight)

Tissue:
0.5 ~tg/gm (whole fish, wet weight)

Selenium Water: Water:J Water:
20 ~tg/l (1 hour maximum) b.e South of Merced River: East of Antioch Bridge:
5.0 ~tgfl (4 day average) b.~ 20 ~tgfl ( 1 hour maximum) ~.~ 20 ~tg/l (1 hour maximum) b.,

5.0 lagfl (4 day average) b.e 5.0 ~tg/l (4 day average) ~,~
Tissue: "
4-12 ppm (fish, whole body, dry weight) North of Merced River: West of Antioch Bridge:
3-7 ppm (fish food items, food chain, dry weight)12_mg/l (maximum)b,* 20 gg/l (1 hour average) b,~

5.0 lag/l (4 day average)~,e 5.0 gg/! (4 day average)

.Tissue:" Tissue: "
4-12 ppm (fish, whole body, dry weight) 4-12 ppm (fish, whole body, dry weight)
3-7 ppm (fish food items, food chain, dry weight) 3-7 ppm (fish food items, food chain, dry

weight)



Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

Target Ranges
Parameter Sacramento River ~ San Joaquin River Delta
Zinc Water: Water: _Water:

River and Tributaries from above State Hwy 32 120 ~tg/l (4 day average) ’,~ East of Antioch Bridge:
bridge at Hamilton City: 120 ~tg/l (1 hour average) ~ 100 ~tg/l (no hardness connection) ~d
16 ~tgh

Sediment: ~ West of Antioch Bridge:
Below Hamilton City: 120.0 ppm (dry weight) 106tttg/l (4 day average) x
100 ~tg/l (no hardness connection) ,.d,g 117 lag/l (1 hour average) x

Sediment: z S.ediment: z
120.0 ppm (dry weight) 150.0 ppm (dry weight)

Carbofuran Water:k Water: _Water:
0.4 ~tg/l (daily max. and total pesticide) h 0.4 ~g/l (daily max. and total pesticide) h 0.4/tg/l (daily max. and total pesticide) h

Chlordane Water: _Water: _Water:
2.4 ~tg/l (instantaneous max.) ~ 2.4 ~tgfl (instantaneous max.) ~ 2.4 ~tg/l (instantaneous max.) e
0.0043 lag/l (4 day average, total pesticide) ¯ 0.0043 ~tg/l (4 day average, total pesticide) ° 0.0043 ltg/l (4 day average, total pesticide)

Sediment: z Sediment: Z Sediment: z
7.1 ppm (dry weight) 7.1 ppm (dry weight) 7.1 ppm (dry weight)

-~hlorpyrifos Water:= Water:= .Water =
0.02 gg/l (4 day average, total pesticide) tg 0.02 lag/1 (4 day average,total pesticide) ~.s 0.02 gg/l (4 day average,total pesticide) ~.g

Diazinon Water:~ Water:~ Water:.
0.08 ~tg/i (1 hour average,total pesticide)~ 0.08 I~g/! (1 hour average,total pesticide)~ 0.08 gg/l (1 hour average,total pesticide)~
0.04 ~tg/l (4 day average, total pesticide)t 0.04 lag/l (4 day average, total pesticide)’ 0.04 gg/l (4 day average, total pesticide)~
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Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

Target Ranges
Parameter Sacramento River San Joaquin River Delta
DDT Waterl Water: Water:

1.1 Itg/! (instantaneous max., total pesticide) ’ 1.1 gtg/l (instantaneous max., total pesticide)" East of Antioch Bridge:
0.001 lag/l (4 day average, ,total pesticide)" 0.001 l~g/l (4 day average, ,total pesticide)

0.001
Tissue: Y Tissue:
1 p.g/l (whole fish, wet weight) 1 lttg/l (whole fish, wet weight) West of Antioch Bridge:

I.I ~g/l (instantaneous maximum)
0.001 ~tg/l (24 hour average)

Tissue:
1 gtg/l (whole fish, wet weight)

PCB’ s Water:. .Water: Water:
0.014 lng/l (4 day average) ’ 0.014 ~tg/I (4 day average)
(each of 7 congeners) (each of 7 congeners) 0.014 ~tg/l (4 day average)

(each of 7 congeners)
Sediment: ~ Sediment:
50 ppm (dry weight, total) 50 ppm (dry weight, total) West of Antioch Bridge:

0.014 ~tg/l (24 hour average)
Tissue: y Tissue: r
0.5 ttg/l (whole fish, wet weight, total) 0.5 lag/l (whole fish, wet weight, total) Sediment:

50 ppm (dry weight, total)

Tissue:
0.5 lag/1 (whole fish, wet weight, total)



Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

Target Ranges
Parameter Sacramento River San Joaquin River Delta
Toxaphene Water: Water: Water:

0.73 ~tg/l (1 hour average) � 0.73 ~tg/l (1 hour average) � East of Antioch Bridge:
0.0002 p.g/l (4 day average) ~ 0.0002 ~tg/! (4 day average) ’ 0.73 lag/l (1 hour average) e

0.0002/ag/l (4 day average)"
Tissue: Y Tissue: Y
0.1 ~tg/i (whole fish, wet weight) 0.1 ~tg/l (whole fish, wet weight)
(sum of 9 organoehlorine insecticides) (sum of 9 organoehlorine insecticides) West of Antioch Bridge:

0.0002 ~tg/l (4 day average) ~

Tissue: Y
0.1 ~tg/i (whole fish, wet weight)
(sum of 9 organochlorine insecticides)

pH Water:
(Alkalinity Agricultural Intakes:

as CaCO3) < 1.5 me/!

Ammonia Water: Water: Water:
0.08 - 2.5 ~tg/l (4 day average) ~’P 0.08 - 2.5 lxg/l (4 day average) e,p East of Antioch Bridge:
0.58 - 35 ~tg/l (1 hour average) e,~ 0.58 - 35 lxg/l (I hour average) °.P 0.08 - 2.5 lagh (4 day average)

0.58 - 35 tag/i (1 hour average)

West of Antioch Bridge:
0.025 ~tg/l (annual median)
0.16 ~tg/l (maximum)

Bromide Water:
Drinking Water Intakes:
50 ~tg/l ~’ hh

TOC Water:
Drinking Water Intakes:
3 mg/l ss



Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

Target Ranges
"Parameter Sacramento River San Joaquin River Delta
Chloride Water:

Agricultural Intakes:
For surface irrigation:
SAR: < 3 =

For sprinkle irrigation:
< 3 me/l

Drinking Water Intakes:
250 mg/l ii

’Nutrients Water’.
(Nitrate) Agricultural Intakes:

< 5.0 mg/l

Drinking Water Intakes:
10 mg/l~

’~alinity Water:

(EC~,) East of Antioch Bridge:

West of Antioch Bridge:

Agricultural Intakes:
< 0.7 dS/m or mmho/cm

SAR:ECwfr Water:

relationship Agricultural Intakes:
SAR
0-3 >0.7
3-6 >1.2
6- 12 > 1.9
12 - 20 > 2.9
20 - 40 > 5.0



Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

Target Ranges
Parameter Sacramento River San Joaquin River Delta
Salinity Water: Water: Water:
(TDS) East of Antioch Bridge:

West of Antioch Bridge:

Agricultural Intakes:
< 450 mg/l

Drinking Water Intakes:
500 mg/l ~

Dissolved Water: Water: Water: ’
Oxygen Keswick Dam to Hamilton City, June 1 to AugustBetween Turner Cut and Stockton, September 1 All Delta waters west of Antioch Bridge:

31: through November 30: 7000 ~tg/l (minimum) ~,~
9000 ggh d,q 6000 lag/1 d

All Delta waters:
Below I Street Bridge: 5000 ~tg/l d.r
7000 ~tg/l d

Pathogens                                                                              Water:
Drinkin~ Water Intakes:
no MCL standard ~

Temperature Water: Water." Water:
Keswick Dam to Hamilton City: At Vemalis: West of Antioch Bridge:
< 56n F d,u < 68~F d.v < 5~C increase above for receiving water

designated as cold or warm freshwater habitat.
Hamilton City to I Street Bridge: Alteration of temperature shall not adversely
< 68~F ~,u affect beneficial uses. x

I Street Bridge to Freeport: Agricultural Intakes:
< 68~F

I Street Bridge to Freeport, January 1 through
March 31 :< 66~F d,,~



Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

Target Ranges

Parameter Sacromento River San Joaquin River Delta

Turbidity Water:
West of Antioch Bridge:
No adverse effect or > 10 % change

Drinking Water Intakes:
0.5 or 1.0 NTU ~

Agricultural Intakes:

Water."                              ,~.Unknown West of Antioch Bridge:
Toxicity t Acute- A median of not less than 90% survival

and a 90 percentile of not less than 70%
survival
Chronic - no chronic toxicity in ambient waters

¯ dissolved form Ib total recoverable form
c The effects of these concentrations were measured by exposing test organisms to dissolved aqueous solutions of 40 mg/1 hardness that had been filtered through a 0.45
micron membrane filter. Where deviations from 40 mg/1 of water hardness occur, the objectives, in mg/1 shall be deterlnined using the following formulas:
Cu = e (o.~sxtn b,~,~,,). 1.612 X 103
Zn = e (o 83o×~, h~dn~,). 0.289 X 103
Cd = e o.~ox~, h,~d,~,)_ 5.777 X 103
~ Central Valley Regional Water Quality Control Plan
¯ General EPA 304(a) guideline
f Within the next year the State Water Resources Control Board or EPA will promulgate/adopt objectives which are hardness dependent. The adoption language is
likely to contain a clause saying that the most stringent objective applies. Sometimes the 10 ~tg/l objective will be more stringent and at other times the new rule will be
more stringent.
~ Similar to the objectives for copper, we expect the State Water Resources Control Board or EPA to promulgate new objectives within the next year which will be
more stringent than current objectives.
h The Central Valley Regional Water Quality Control Board expects to adopt an objective for carbofuran within the next year. The objective will probably be very
similar to the performance goal.
i Water quality limited segments for mercury in fish tissue occur in the Sacramento River and Delta.
~ Water quality limited segments for selenium in the water column from Salt Slough to Vemalis on the San Joaquin River.

k Lower Sacramento River is a water quality limited segment for carbofuran.



Table 3.4 CALFED Water Quality Parameters of Concern Target Ranges

t California Department ofFish and Game acute (1 hour) and chronic (4 day) hazard assessment criteria.
r~ Sacramento River, San Joaquin River, and Delta water quality limited segments for chlorpyrifos.

" Sacramento River, San Joaquin River, and Delta water quality limited segments for diazinon.
° San Joaquin River water quality limited segment for DDT in tissue.
P Values are a function ofpH, temperature, and designation of water body as cold or warm water beneficial use.
q When natural conditions lower dissolved oxygen below this level, the concentrations shall be maintained at or above 95% of saturation.
r Except those water bodies which are constructed for special purposes and from which fish have been excluded or where the fishery is not important and a beneficial
use.

’ Southern Delta around Stockton is a water quality limited segment for dissolved oxygen.
t Bioassay results or other special studies demonstrate toxicity. Sacramento River, San Joaquin River, and Delta are water quality limited segments for "unknown
toxicity".
u The temperature shall not be elevated above 56BF in the reach form Keswick Dam to Hamilton City nor above 68BF in the reach from Hamilton City to I Street Bridge

during periods when temperature increases will be detrimental to the fishery.
v The daily average water temperature shall not be elevated by controllable factors above 68~F from the I Street Bridge to Freeport on the Sacramento River, and at

Vernalis on the San Joaquin River between April 1 through June 30 and September 1 through November 30 in all water year types.
~’ The daily average water temperature shall not be elevated by controllable factors above 66"F from the I Street Bridge to Freeport on the Sacramento River between
January 1 through March 31.
x San Francisco Regional Water Quality Control Board objectives at 100 mg/1 hardness. Formulas for calculating objectives for varying hardness levels are as follows:

Cd = e (0.TgS2H-3.490) (4 day average)
= e (1.12gi-I-3.828) (1 hour average)

Cu = e co.~545H- ~.465) (4 day average)
e (0.9422H-1.464) (1 hour average)

Zn = e (0.~473H + 0.7614) (4 day average)
= e (0.8473H + 0.8604) (1 hour average)

Y National Academy of Sciences (NAS)-National Academy of Engineering 1973
z Effect range-low (ERLs) concentrations

= San Luis Drain Reuse, Technical Advisory Committee Selenium ecological risk guidelines
bb For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride, use the values shown. Most annual crops are not sensitive, use the
salinity tolerance in Ayers and Westcot or equivalent.
~ SAR means sodium adsorption ratio. SAR is sometimes reported by the symbol RNa.
~d For overhead sprinkle irrigation, and low humidity (< 30%), sodium and chloride greater than 70 or 100 mg/l, respectively, have resulted in excessive leaf adsorption

and crop damage to sensitive crops, see Ayers and Westcot.
~ EC~, means electrical conductivity of irrigation water, reported in mmho/cm or dS/m.
fr At a given SAR, the infiltration rate increases as salinity EC~, increases. To evaluate a potential permeability problem examine SAR and ECw together.
ss Value arrived at in discussion with California Urban Water Agencies (CUWA)
~h Bromide value is predicated on the assumption that the MCL for Bromate will be 5 [tgO.

~ U.S. EPA Secondary MCL. 1995.
~ U.S. EPA Current MCL. 1995.
k~ U.S. EPA requires removal of 99.9 % of Giardia and 99.99% of viruses during water treatment.



SECTION 4

SOURCES AND LOADINGS OF PARAMETERS

Identifying the sources of a parameter is critical to developing action strategies to mitigate for
problems caused by the parameter. Finding the source however, is only the first st~:in the
process. Targeted action strategies must depend on understanding the relative importance of the
source to the overall problem. Relative importance can only .be understood if the forms of the
parameter that impact benefical uses have been identified and the loadings of the critical forms,
attributable to identified sources, have been calculated. ....

Sources of Parameters :.~ .

Sources of water quality parameters of concern in the Delta and its~tributaries include:

¯ acidic drainage from inactive and abandoned mines that introduce metals such as
cadmium, copper, zinc, and mercury;

¯ stormwater inflows and urban runoffthat may contribute metals, selenium, turbidity,
pathogens, organic carbon, nutrient� pesticides,: p6tr0leumland other chemical residues;

¯ municipal and industrial discharg~ that m.a~contii~tit~i~Nt~, metals, trace elements,
nutrients, pathogens, chemi~!,rle~idues~ :9jl turbidity;andgrease,

¯ agricultural tail water, or r~"flows,:~at may coritribute salts, nutrients, pesticide
residues, pathogens, and ~l~idity; ar~d~~

¯ subsurface agricultural d~iainage that~.~y.contribute salts, selenium and other trace
elem~ts, nutrients, and~esticides (S6inei~gicides).

Potentail sources of the parameters of concerns are shown in Figure 4-1.
~ ~. ::.:. i ¯

The majority of ~drainage probie~s are either directly or indirectly associated with the
mining of..g01d or base m~ ~tals, ...The Central Valley Regional Water Quality Control Board
(CVRW..QCB) presently manages 94 inactive mines under Waste Discharge Requirement (WDR)
and NPDES permitting programs. Sampling during the period of 1987 through 1992 indicates
that. 80 percent of cadmium, 72 percent of zinc and 73 percent of copper in the Sacramento River
corii~s from past mining activities.

The:greatest concentration of mines can be found around Shasta Lake, with Iron Mountain Mine
complex being considered the largest source in the Central Valley. Other mines can be found in
the western slope foothills of the Sierra Nevada Mountains. The most notable mines are the
Penn, Walker, Cherokee and Newton Mines.

Iron Mountain Mine, located nine miles northwest of Redding, is one of the largest, most acidic
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draining mines in the world. Numerous mining opeating including open pit mining and tunnel
mining have been conducted at Iron Mountain since the early 1860’s for iron, silver, copper, gold
and pyrite. Mining operations were discontinued. Today rainwater thepercolatesthrough open
pit through exposed sulfide ores forming sulfuric acid. This acidic water solubilizes available
cadmium, copper and zinc. Drainage from mine "portals" can reach temperature of 100 degrees
Fahrenheit and have the acidity of a car battery. Runoff from the portal, tailing piles~, and
exposed soil collects in Spring Creek which drains into the Sacramento River via Keswick
Reservoir below Shasta Dam. During peak flows Spring Creek may carry as muc’h~’~s twelve tons
of metal per day,

The Sacramento River accomodates the largest number of spawning s .almon in the State. All
four chinook salmon runs (winter, spring, fall and late-fall). Fall-run is the mostabundant.
Winter-run is listed as endangered. Unlike other salmon, the winter-run
immediately after making the long journey up the Sacramento River. The adult fisti hold over
for several months before they spawn. The twenty mile rea., ch 0f:t~.Sacrernnto River below
Keswick Dam currently provides most of the remaining natural spawning habitat for these
salmon. Fall-run salmon fry are especially vulnerable during winter spills fromunc0ntmlled
Spring Creek Dam because of their maximum abundance during their most sensitive life stage
immediately below Keswick Reservoir.

Mercury has been used historically to refinegold from gold bearing ore. The mercury binds with
the gold to form an amalgam. The compound is then heated in the presence of nitric acid to
separate the mercury from the gold. ,Much of the,,, waste mercury was lost or mishandled during
the refining process. The majorityofthe Cafifgrnia mercury mines were located on the western
side of the Central Valley and th~~ajority of~e gold mines were located on the eastern side of
the Central.~ley. This req~,,,e,~,ilae mining ~d transport of large volumes of mercury across
the valles~:iI I~:i~ estimated that~i~pl, million t0ri~ 0f i;nercury were transported this way during the
Gold Rt~i!."~he cvRw~i~i~,urrently monitors six inactive mercury mines. The most
notable are ~e~.~(~g.,a, M~;@I"N~W. !dria and Mt. Diablo Mines. Effects of past mercury
mining and gol’dilj:~g 0perati~J~ ~being studied on Cache Creek and the Consumnes River.

Recently passed Senate Bill 1108 has alleviated some liability issues making it more feasible for
the Stat~ ~o undertake mine ~e~:diation projects..
L~idings of Parameters

Wh~re information was available estimated loadings for parameters of concern were developed.
Th~s~~’~tes are Shown in Tables 4.1 to 4.10. Source loadings of parameters are primarily
du~ ib e~r:hgricultural or mine drainage, wastewater/industrial discharges, urban/industrial
runoff or flow regulation. These tables illustrate the relative loadings of parameters from four of
the five CALFED study regions (e.g., Bay, Delta, San Joaquin, and Sacramento). Additional
information that was used in compiling these tables can be found in Appendix C.
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Estimated Loadings of Parameter of Concern

Load estimates were made for four regions, the Sacramento River Basin, the San Joaquin River
Basin, the Delta, and the Bay Region. The Sacramento River Basin estimates were further
subdivided into loads generated above and below the three major dams, Shasta, Oroville and
Nimbus.

Load estimates will be used to determine the relative importance of different parameter of concern
sources and the potential effectiveness of CALFED water quality actions. For example, it may be
determined that municipal and industrial wastewater treatment plants contribute less than 5% of the
copper discharges to the Delta. It is apparent from the copper loading estimat.e ¯~at additional
measures to reduce copper from this source are unlikely to greatly affect copper coiieentrations in
the Delta.

Analytical Approach and Organization of Information

Considerable information on pollutants discharged to the Sacramento River Basin, the San Joaquin
River Basin, the Delta, and the Bay Region and pollutant concentrations in various water bodies is
available but it is not found in a single depository( Developing ~ a comprehensive picture ofpollutant
loadings involves compilation of potentially4relevant data from published and unpublished sources,
review of the data by the CALFED waterqt~ality team andiir~ many Cases, further manipulation of
the data into the form of load estimates. " "

Pollutant load estimates are difficultto make for large geographical areas because data is always
limited and many assumptions h~v~’to be ma~iel The approach used here was to try to make fairly
complete load estimates for the various parameters even if fairly gross assumptions have to be made.
The load:eh~tes will ~enb~igrogressiveiyilefined as additional data is acquired and analyses

The following .~i~eai reportifi~ludeS a number of separate sections addressing each key
parameter. E~h section consists of a tabular and graphical summary of loading data and a series of
notes. ~e ¯notes (see Appendix¯C) describe the data sources and any analyses undertaken to produce
the load¯estimates.          .

TW6~ approaches to load estimation were used and their results compared in the tabular and graphical
summaries. The first approach was to estimate the load attributable to each major source and then
,to ~sum.the loads up to provide a total basin load. Major contaminant source categories include
agricultural stormwater runoff and subsurface drainage, mine drainage, municipal and industrial
wastewater discharges and urban stormwater nmoff. The second approach was to estimate the total
pollutant emission from a basin by calculating the load contained in water exiting the basin at its
downstream end. The loads calculated using the two approaches are not directly comparable because
some of the pollutants discharged to waterways in a basin may be stored in sediments and biota or
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transformed into other substances, as a consequence of chemical reactions and biological activity.

Limitations

Because of the many assumptions and simplifications involved in the load estimates the results need
to be used with caution. The more important assumptions and simplifications are noted below.

Year-to-year variations

Most contaminant sources are affected by meteorological conditions. The total contaminant loads
from agricultural and urban runoffdepend on the volume ofrunoffwhich can vary wk[.ely from year-
to-year. Mine drainage loads are similarly weather-dependent. Waste loads aS~6ciated With
municipal and industrial wastewater discharges are less affected by weather; the s~e may be true
for waste loads in agricultural subsurface drainage which probably:depend more on iiiigation rates
than precipitation.

Because the data available to characterize contaminant loads is limited it was not separately
compiled for different meteorological conditions. Ideally,, loads shou!d be s~parately estimated for
wet, normal, dry and very dry years. Instead data from different years; representing different
meteorological conditions were compiled to :produce asingleload estimate that may approximate

"
Seasonalitv of loadin~s

Most contaminant emissions vary seasonallyl..The initial load estimates contained in this report were
made on an annual basis. If the a~ailable data allows, later refinement of the load estimates will seek
to accountT~:~easonality: ...... .- ..       "

The load estimates do.riot attempt to account for background loads. Many substances regarded as
contaminantsoccur at ibw concentrations in waters uninfluenced by human activities. This is the
case for~~etals and traceel~:: salts, naturally-occurring organic substances and plant nutrients.
It is not so for synthetic organic including pesticides.

T~~lack of allowance for background loads probably does not greatly affect load estimates for
relatively concentrated waste streams. If, for example, a city draws water from a river, uses it for
m~idip~ Supply and discharges it back to the fiver after wastewater treatment then the phosphorus
load.attributable to the municipal wastewater discharge is the load contained in the effluent less the
background load contained in the source water. In this case, the background phosphorus
concentration might be 0.05 mg/1 while the concentration of phosphorus in the wastewater effluent
would be 5 or 10 mg/1. The phosphorus load would be similar whether or not the background
concentration is allowed for.
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Lack of an adjustment for background loads can have a greater effect on loads attributable to dilute,
but high-volume, waste streams. For example, copper concentrations in agricultural runoff may be
estimated to be 0.01 mg/1 while copper concentrations in runoff from non-agricultural lands with
similar soil chemistry characteristics may be 0.005 mg/1. Not accounting for the background
concentration in the load calculations would result in an overestimation of loads attributable to
agricultural runoff by a factor of 2.
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I
Table 4.2 Cadmium Loading

!
CADNIUM LOADING TABLE

I Cadmium Loading (p~nds/year)

Lower Upper

~ DeRa Note Sacramento Note San Joaquin ~ Bay Regior~ ~
Sacra~nto
Basin above No~

~ja~u~t~ !1111111111!t11,655 d IIIIIIIIIIIIIIIIIIIIIIIIII ’:: ~~’I ~ne Draina~e 36 a 96,000 e      36 i ~     IIIIIIIIIIIIIIIIIIIIIII!1111111 ....

M&I Wastewate~
(PO-I~V) 154 b 270 f 202 j ~ mI Urban Runoff 136 c 582 191 -:k .’ :~.:~ 2535 n

Total Load 326 97,507 429 ~. ~ ,. ~.8929 ~.’

N~e: Letters listed in italics under tho N~o =lurm ~o~e the background and ref~.~ ~th the accompan~.n. ~a~
Data availaUe; flow and c~’K:entra~en data availa~Ie; load ~c~l _~ons mq~redi~ i
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Table 4.3 Copper Loadings

COPPER LOADING TABLE
Copper Loading (thousands of pounds/year)

Lower Upper
San Joaquin          Sacramento           SacramentoBay    Note     Delta      Note                Note                 Note                  Note

Source Region Basin Basin below Basin above
dams Dams

t~gricultural ~ IIIIIIIIIIIIIIIIIIIIIIIIIII11 IIIIIIIIIIIIIIIIII!111111111141
Mine Drainage ~’,~: ~ 4 a 4 a 274

M&I Wastewater
~PO~
Urban Runoff 73 ~ 6 c 9 .~c~" 24 ~;"

Total Load 128 12 13 .... :.,?: ,,. ,L348

Basin Emission d 22 ~;::~~ i~ 124 a&b 56 h

Note: Le~e~ listed in italics under the Note ~lumn provide the background and references associated with the accompanying load
~ - Data available; flow and concen~a~on data available; load catculations required.

~ - Fudher literature review required.
’~~ - Soume does not contribute significant load of constituent in ~is watershed.
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I
Table 4-4 Mercury Loadings

I MERCURY LOADING TABLE
Mercu~, Loading (pounds/year)

I San SacramentoSacramento
Note Joaquin Note

Bay
Note River above NoteSource Delta Note

Basin
Basin

Region
dams

I Agricultural IIIIIIIIIIIIIIIIIII IIII!llllllllllll!lltlllllll !11111111!111111111111
’Mine Drainage I~ II IIIIIIIIIIIIIIIIIIIII ~~,    I1!11111111 IIIIl’llllll’lllill’l

1543. !-’ a ....
Urban Runoff IIIII!11111111!1t1111     IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII     IIII!1111111111111!11

Flow Regulation ~
Total Load .... :~: ,~ 1873

Com
Basin Emission 2530 a&b 328    , a&b 2500 b

I
Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load
~ ~ - Data available; flow and concentration data available; load calculations required.

I IIIIIIIIIIIIIIII IIIIIIIIIIIIII "Further literature review required.
~.~-;~:~- ~.i "Source does not contribute significant load of constituent in this watershed.

!
3000 -

2500-

2000.

1500-
Sacramento River above dams

1000- Sacramento Basin

500. San Jo~uln Basin

Delta0 -      ~              ~                                                                                                 Bay Region

~ = ~, .s
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I            Table 4-5 Nitrate Loadings

I NITRATE LOADING TABLE
Nitrate Loading (thousands of pounds/year)

I Bay Sacramento Sacramento RiverSource Delta Note Region Note Basin Note
above Dams

Note

I Agricultural ~ ~ II!lllllllllllllllllllllllllllll IIIIIIIIIIIIII IIIIIIIIIIlllllllllllllllll
Jrban Runoff 77 a 166 a 1790 "~- b

~’1111~ "
~

Construction II!tll !1111111111111111!1111IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIII!I Total Load 77 166 1790
Basin Emission IIII!11111111111IIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIlllllllllllltl IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load

i - Data available; flow and concentration data available; load calculations required,
! - Further literature ray ew required.
- Source does not centdbute significant load of constituent in this watershed.

1800-

1600-

1400-

Sacramento River above Dams
600

Sacramento Basin

20[                                                                                                  Bay Region

0-

DeXa
Urban Runoff

Flow Regulation
Construction

Basin Emission
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Table 4-6 Selenium Loadings

SELENIUM LOADING TABLE - 1
Selenium Loading (thousands of pounds/year)

Lower Upper
Sacramento Note San Joaquin Note Bay            Sacramento NoteSource Delta Note Basin below Basin Region Note Basin above

Mine Drainage

(PO~ ~ 7 / a
Urban Runoff
Flow Regulation
To~l Load 7

Basin Emission 4 ¯ a&b 2 a&b

Note: Le~ iist~ in ~tali~ u~er ~e Note ~n wo~de ~e ba~gm~d ~ references ass~at~ wi~ ~e a~panying load
- Data available; fl~ a~ ~a~ data available; Io~ ~a~ons r~uir~.
- F~ literature m~ r~md.
- Sou~ does ~ ~ute sign~fi~nt Io~ of ~s~tu~t in ~s wate~hed.
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I

SELENIUM TABLE - 2
Selenium in the San Joaquin River Tributaries

Tributary
Dissolved Selenium Loads in Tributaries as % of those in

San Joaquin River at Vernalis (t)

Stanislaus River                                                           ~2
Toulumne River
Salt/Mud Sloughs
Mer~d River
San Joaquin above Salt Slough Confluen~

(1) Values ob~ined from the U.S. Geologi~l Suwey Water I

The dissolved selenium loads for ~e ~ibu~ries to ~e San Joaquin River do not add u

Vernalis bemuse some of ~e load at Vemalis most likel~

San Joaquin River from sources other ~an the listed tributaries.

I SELENIUM IN THE SAN JOAQUIN RIVER TRIBUTARIES

Dissolved Selenium Loads in Trlbutarics as % of thosc in San

i Stanlst~us Jo~utn Pdvcr at VemaIis (1)
River Toulumn¢

River Salt~YIud
Sloughs Merced

RJvor San ]oaquin DissoIved Selenium Fractions
above Salt

Tributary                                      Stough

!
I
I m Loadings from the San Joaquin Tributaries
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I
I TOTAL DISSOLVED SOLIDS (TDS) LOADING TABLE

Total Dissolved Solids (TDS) Loading (thousands of pounds/year).

Lower Upper

I Source Sacramento San Joaquin Sacramento    NoteBay RegionBasin below Basin Basin above
dams

~ms

I 2,651,000 2,171,000
Mine Drainage

M&II 296,000
Urban Runoff 42,330 296 ¯

I Total Load 2,989,330 2,17~ ,296 ~ .i.~

Basin Emission 901,300 722,500

I : All numbers are rounded to significant 4 digits
Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load

Data available; flow and concentration data available; load calculations required.
Further literature review required.

I - Source does not contribute significant load of constituent in this watershed.

I Table 4-8. Total Dissolved Solids Loadings
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I         Table 4-9. Total Organic Carbon Loading

I (TOC) LOADING TABLETOTAL ORGANICCARBON
Total Organic Carbon (TOC) Loading (thousands of pounds/year)

Lower Upper

Source Sacramento San Joaquin Bay Region Sacramento NoteBasin below Basin Basin above
Dams

10,764

I
I Total Load 13,081 10,764

11,710

Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load
Data available; flow and concentration data available; load calculations required.
Further literature review required.
- Source does not contribute significant load of constituent in this watershed.
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I
Table 4-10. Zinc Loadings

I ZINC LOADING TABLE
Zinc Loading (thousands of pounds/year)

I Lower Upper
Sacramento San Joaquin SacramentoSource Delta Note Basin below Note Basin Note Bay Region Note

Basin above Note

I dams Dams

Agricultural /11111111111111i88 c IIIIIIIIIIIIIIIIIIIIIIIIIIIIII Iit1111 IIIIIIIII IIIIIIII Illlll!tllllll I!111!!111111!
Mine Drainage 116 a 930 d 116 I h IIIIIII IIIIIIIII !111111! II!111111!!111

Urban Runoff IIIIIIIII!llll!l 131 f IIIIIII IIIIIIII 1111111IIIIIIIIIIIIIIIIIIIIIIIIllllllllll

FlowRe~ulation ~ ~ ;~,~
~;%r~. ~ i

I Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load
~ Data avai|able; flow and concentration data available; load calculations required.

IIIIIIit11111111111t111111111Fu~er literature review required.

i ~~ - Source does not centdbute significant load of constituent in this watershed.

San Joaqttllt B~in

Bay Region
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I
SECTION 5

I WATER QUALITY PROBLEM AREAS

I Defining what constitutes a "problem" is a controversial and endlessly debatable issue. Very few
of the parameters of concern have been studied sufficiently to understand their fate, transport and
impact, particularly on biological systems. If a parameter is measured against an e~i~ting
objective, criteria or standard a decision must be made of whether the standard is appropriate,
what it is meant to protect, and what level of exceedance is relevant (e.g.,duration, season,
geographic location, etc.). For example, an exceedance o£�0pper in the.UPi~etS.a_cramentoRiver

1 during the fall-run chinook salmon juvenile outmigratio .n period mightbedey~t_a..fing to the
population but during other times of the year (when fall=~ are not.~tesent) ~r~’i~aybe-,~ :

i virtually no impact. For some parameters such as temp~re ancii~alinity
been collected. For other parameters such as pesticides,:~a! information is known. Given
the inherent difficulties attempting to measure data against.Pgb!ish~ standards and the

I programmatic nature of the CALFED Water Quality Pmgra~:,~ definitio~ and prioritization of
water quality problem areas have been based on one or more of the follo~ng criteria. These
criteria have been developed through consultation wi~:~e,.Water Qti~!~T~chnica~ Group,

I particularly the Parameter Assessment Team.~ ~-;~;: i ,,.=:. ~i :: :

I so~ioo 303(d) of the Federal �~lpan Watg~:~ct req~es each state to develop a list,
known as a 303(d) list, of wat~i~:bodies that are impaired with respect to water quality. In
addition to listing impaired,water bo~es the 303_(d) list identifies the suspected major

I sources of paramete!~s, c~using impa~ent.. TheSe sources include mine drainage,
agric~!. ~,tgral drainage;:urban and indusMal runoff, and municipal and industrial
waSte~ater discharg’~i~.~fi �ompliaJi~:~~ii~ Section 303(d) of the Clean Water Act the
Safi:~c~co and e~:.~=~V_.~!ey Regional Water Quality Control Boards i~ 1996,
identifi~ii:~li:impaired ~te~.~di~s in California. CALFED is using this list to make a

¯ prelimip~aSg~Ssment of e.xlStlng water quality problems (primarily environmental &
¯ recreational) in~:california’s C~fitral Valley and Bay-Delta.

I ¯ Parameter Assessment Team Drinking Water Targets
The ability of De!ta drinking water sources to be treated at reasonable cost to meet

:~ ~ ~ current and futurefederal and State health-based drinking water standards.

¯ Agricult_~_al Drinking Water Targets
~ The ability of Delta drinking water sources to sustain the productivity of agricultural

I lands and prevent salt contamination of soils.

I ¯ Scientific Studies
Knowledge based on scientific studies and data that indicate a potentially significant
problem exists.

!
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Impaired Water Bodies

Water bodies impaired by of concern, according to the 303 list shown inparameters (d) are
Figure 5-1. More detailed information pertaining to the Section 303(d) list can be found in
Appendix D.

Sacramento River Basin. Several drainages in the Sacramento Basin contain metals in
concentrations that may impair environmental beneficial uses. The uppe_t~Sacr .~am. ento River
(Shasta Dam to Red Bluff) contains elevated copper, cadmium, and zinc. Loadings to the river in
this region are predominantly from mine drainage although ~ban runoff:dOes Contribute a
measure of mass loading of these metals to the upper Sacramento drainage:

Data collected on the lower Sacramento River (Red Bl~to the Deltii) indicate th~if~grri~in
water body is impaired with regard to environmental an~d~.~.c.r.~a.,t, ii~nal beneficial ases~, ’~ueto
elevated mercury, diazinon, and chlorpyrifos. Both the lower ~erican River and the lower
Feather River are similarly impaired. Elevated mercury in thesei~butaries may pose a risk to
people that catch and consume fish. Elevated levels of diazinon and have beenchl0rpyrifos
documented in the lower Feather River. In these three .water bodies, urban runoff has been
identified as a source of mercury, and in the lo~er sa~i~ento and Fela.tl!.errivers, urban runoff
has been identified as a source of diazinon an~d :ehlorpy~f0~. ~

Other water bodies that are influenced by,urban and :industrial runoff include Natomas East Main
Drain and Sacramento Slough. The_s~.~o water bodies corit~in elevated levels ofdiazinon and
chlorpyrifos. Sources include agr.i~gl~e and:~ban run~. Natomas East Main Drain has
elevated levels of PCBs, and Sacramento Slough has elevated mercury. These bioaccumulative
substances impair recreational b~nefieial use~_(i~e~, fishing) in these areas.

San Joaquin River Basin, Ur~.an.,._~d industrial runoff contribute to the overall mass loading of
parameters of c.~fi6~d~.jn the~~i~~i-uin River Basin. However, in this basin, urban runoff is
not considere~f~’source 0~d~i~or chlorpyrifos relative to agricultural sources. The
principal sources of identified paramefe~s of concern are agriculture and some mines.

":’":, ’~’; ~’ i:’

Delta.. R~off from the: ii;~!:~r storm of the year in Stockton appears to annually produce an
oxyge, n deficit causing fi~,h kill~ in adjacent Delta sloughs. The cause of the deficit is not yet
kno~wn (Foe, 1995). Th~Delta contains elevated mercury, diazinon, and chlorpyrifos. These
c6~ituents impair environmental and recreational beneficial uses. Urban runoff from cities in
~ :~gtral Valley.contribute mass loading of these parameters of concern.

San!Fraheisi:0.Bay.Numerous~waterbodies drain to the San Francisco Bay Delta Estuary, many
of which are listed as impaired waterbodies under Clean Water Act Section 303(d). For example,
the Napa and Petaluma rivers are conveyances for a combination of urban and agricultural
runoff, and may contribute pathogens, nutrients, and turbidity to the CALFED problem area.
Urban runoff from cities around San Francisco Bay and San Pablo Bay is a significant source of
metals to the estuary.
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I                        SECTION 6

EXISTING PROGRAMS

I Mine Drainage

Cadmium Copper and Zinc. Remediation efforts are being conducted on over 8 inactive mine
sites in the Sacramento River Basin. The most well-known work is being conducted at the Iron
Mountain Mine complex. Work effort includes, but are not limited to, construction of dams,
installation of treatment facilities and the construction of bulkheads in the mine portals. The main
focus of attention at Iron Mountain has been on the acute effects of uncontrolled spills.
Additional work is being performed on other Shasta Lake Area Mines. The majority of the work
to-date has focused on portal closures or treatment of mine drainage.

Regional Board staff continue to address the discharge of copper and zinc from the Walker Mine
and Walker Mine Tailing sites County. work includes tunnel rehabilitation,Plumas This
infiltration control and diversion structures, and relocation of mine wastes. These projects have
long term monitoring programs conducted by the Regional Board and the U.S. Forest Service.

Penn Mine, an abandoned copper mine adjacent to the Mokelumne River is scheduled for
remediation by 2000. The EIS has been approved and contracts are being let to begin
remediation. The mine was historically one of California’s largest copper and zinc producers
(Peterson, 1985). Acid mine drainage from the site has caused significant water quality impacts
in the Mokelumne River and Comanche Reservoir. Concentrations of copper, cadmium and zinc
in on-site ponds (whose capacity is periodically exceeded) exceed water quality criteria for
aquatic life~ The remediation will include complete removal and disposal of waste material to an
on-site landfill and complete restoration of drainage channels. Penn Mine site remediation should
result in significant (i.e., 60-80 %) reduction in copper, cadmium and zinc loadings to the
Mokelumne River.

Mercury, Various teclmical meetings are being held to discuss mercury monitoring, assessment,
and cleanup issues. One very important issue is how to compare total mercury loads to
bioavailable mercury (Ioads) from all sources upstream of the Delta and San Francisco Bay.

.:
The draft final report for the Sacramento River Mercury Control Project has been completed and
was discussed at a recent public advisory committee meeting. The final report should be
available in the spring of 1997. This report addresses mercury impacts in the lower Feather
River, Yuba River, Bear River, and the Sacramento River near the City of Sacramento. The
report also discusses various control strategies and recommends implementation of the mercury
recycling program.
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U.S. EPA has an ongoing SuperFund cleanup project at the Sulfur Bank Bine adjacent to Clear
Lake. Lake County is also pursuing implementation of erosion control BMPs and monitoring of
Clear Lake tributaries. This activity may address additional mercury discharges to the lake.

The Cache .Creek Watershed Project has identified mercury impacts as a major water quality
issue. This may lead to focusing additional resources available to the watershed stakeholders on
source identification, development of cleanup alternatives, and implementation of full scale pilot
projects. Monitoring activities continue to further define high mercury loads within the Cache

storm events some of the highest mercury concentrationsCreekwatershed.1997 haveshovcn
and loads to date.

Regional Board staff are proposing to assist Contra Costa County in preproject and postproject
assessment activities to document the effectiveness of the Mount Diablo Mercury Mine pilot
cleanup project.

Urban Runoff                                    "

Large Cities. In the early 1990s, cities with populations exceeding 100,000 people prepared
stormwater management plans pursuant to the Clean Water Act (USC) $1,251 et seg). The plans
include a number of"best management practices" (BMPs)¯designed to reduce stormwater
pollutants. Best management practices include non-structural source control measures and
structural controls. Commonly employed non-structural source controls include stenciling of
catch basins and drain and education discourage ofinlets, public to disposal inappropriate
substances to the storm drains. Structural controls include stormwater treatment devices and
elimination of illicit sanitary connections to storm drainage systems. Most current stormwater
plans emphasize non-structural source controls, essentially urban "good housekeeping". They
also typi.cally include the elimination of illicit connections. Few plans call for retrofitting urban
storm drainage systems with treatment devices, although some require the installation of
treatment in new developments.

Small Cities. Regulations for control of stormwater discharges from cities with populations less
than 100,000 have not yet been promulgated by the U.S. Environmental Protection Agency.

Industries. Most industries with the potential to contaminate stormwater runoff are required to
obtain a discharge permit pursuant to the Clean Water Act. The requirement applies whether
stormwater from the industry is discharged directly to the environment or to a municipal
stormwater system, typically require an prepare,Permits that industry maintain,andimplement
a stormwater management plan that includes a variety of source control best management
practices such as covering stored materials and routing heavily contaminated washwater and
stormwater to the sanitary sewer.

Most urban stormwater management plans including those developed for large cities in the study
area (Sacramento, Stockton, Modesto, etc.) are in the early stages of implementation.
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Consequently, little data are available by which to judge their effectiveness. The data that are
available indicate that source control measures do not produce major improvements in runoff
quality. While education may change some human behavior, for example illicit dumping in
storm drains, it is doubtful that the targeted human behaviors contribute greatly to the overall
urban runoff pollutant load. It is unlikely that programs that emphasize source controls and
elimination of illicit connections will substantially reduce existing urban runoff pollutant loads.
Most of the more significant urban runoff pollutants are probably attributable to vehicle use, air
pollutant fallout and wash-off from buildings. Such sources are beyond the range of most current
regulations are toand difficult control.

Programs that involve structural controls as well as source controls are likely to be more
effective than current programs. Retrofitting structural controls into existing urban development
is difficult and expensive and consequently rarely undertaken. Building structural controls into
new development is more practical than retrofitting existing systems.

Wastewater Discharges

There are current programs through the Regional Water Quality Control Boards and the Coast
Guard to regulate and control discharges.

The Regional Water Quality Control Board for the Central Region has actively evaluated the
water quality of the Delta and its tributaries and has established an "Inland Surface Water Plan."
Every municipality, agency, industry produces a wastewater discharge mustdistrict and that
complete a Report of Discharge and request a discharge permit. The CVRWQCB then reviews
the Report of Discharge and issues a discharge permit. Entities that discharge to a surface water
must also obtain an NPDES permit. This is issued by the Environmental Protection Agency
(EPA). ¯

The permitted entity must periodically file records that describe their actual discharges. If at any
time they have not met their discharge requirement, they are required to notify the CVRWQCB.
The facility is also inspected and evaluated on a regular basis.

If a municipality, agency or district has industrial customers they must develop an industrial pre-
treatment program to monitor and control industrial discharges that may affect the operational
effectiveness of the treatment facility, impact the health and welfare of the community or impact
the ecology of the discharge site (surface water or groundwater). Specific limits on discharge
become of the industries permit.a part use

The effectiveness of the current CVRWQCB programs at limiting loadings of municipal and
industrial discharges to the Delta is thought to be very high. However, the effectiveness of the
programs to control boat discharges is unknown. Each municipality listed above was
interviewed in regard to their handling of the parameters of concern. The following paragraphs
briefly describe the results of these interviews.
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Cadmium, Copper, Zinc and Mercury. Each of the communities surveyed either monitors for
these constituents or requires industries to monitor and report metals levels in the waste stream as a
part of their industrial pretreatment program. There are known background levels of some metals in the
local drinking water in many areas, for example, Redding, Stockton and Sacramento have reported
metals in the water supply, mainly zinc and copper. Modesto is the only plant with current discharge
limits on these metals. Although much of the metals in the plant influent is removed in the biosolids,
none of the plants have specific processes to remove them.

The Stockton Wastewater Treatment Facility recently completed a mercury study. The discharge of
total, dissolved and methyl mercury from the facility to the San Joaquin River was investigated. The
final report for this study provides additional insight into other potentially significant discharges from the
treatment facility and other sources to the Delta.

Chlorpyrifos and Diazinon. There are currently no discharge limits on Chlorpyrifos and Diazinon.
They have not been considered as constituents in the plant influent. Sacramento Regional Waste Water
Treatment Plant has become aware of a concern of the presence of these pesticides and began testing for
them in 1996. This is the only facility currently monitoring regularly for these chemicals.

Ammonia and Nitrate. None of the have control ammonia.plantscurrently processesdesignedto
Modesto has a discharge requirement on ammonia and needs to occasionally reduce discharge flows to
remain in compliance. Stockton has an agreement with the RWQCB to develop a plan and facilities to
reduce ammonia levels. The treatment plants typically monitor for nitrates buthavenone specific
discharge limits, although Modesto has treatment facilities for nitrogen removal.

Dissolved Oxygen and Temperature. Although dissolved oxygen level (DO) and temperature are
important parameters in the river, the. treatment plants do not generally have a problem meeting the
requirements. All the plants are required to maintain the existing river environment by not elevating the
river temperature or lowering the dissolved oxygen levels. Typically the temperature requirement
prohibits discharges that would raise the temperature at any point in the river by more than 4° F, or in
25% ofa eross"Seetion of the river by more than 1 ° F and the effluent temperature cannot be more than
20° F above the ambient temperature of the river. The treatment plants monitor the river upstream and
downstream of their discharge points and have generally not had difficulties meeting these requirements.
The Stockton plant has 640 acres of detention ponds in which the plant effluent reaches near river
temperature before it is discharged. The Sacramento Regional plant has a specific 14:1 dilution
requirement and has also been granted a waiver of the 1 ° requirement during very cold weather and has
holding ponds that are utilized to reduce discharge flow and/or lower effluent temperature before
discharging to the river necessary.

None oft_he plants surveyed had had difficulty meeting the DO requirements. The Modesto plant has
floating aerators to maintain sufficient DO levels. In Stockton, the RWQCB adopted water quality
objectives for the San Joaquin River to be met by the year 2005 which were the rationale to tighten the
requirements for Stockton’s permit. The permit was ammended to lengthen the period that tertiary
treatment would be required and added ammonia limits. The City appealed this because they believe
they have demonstrated that they are only a small part of the problem. The requirements have been
stayed, and they are currently only required to monitor DO levels upstream and downstream of their
discharge point.
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Pathogens. Pathogens are controlled by chlorine at all plants surveyed. Permit requirements are
typically in terms of total coliform measured by most probable number per liter (MPN) and must be less
than 500 MPN daily and maintain a monthly median less than 23 MPN.

Salinity (TDS). A few facilities include monitoring for TDS as part of their industrial pretreatment
program. In some areas, such as Tracy, there is a significant amount of TDS in the drinking water
supply. There are no discharge limits on TDS, and there are no facilities specifically designed to remove
it. Stockton’s permit includes language that requires that they "minimize" TDS in the effluent. Most
agencies regularly sample for TDS but do not attempt to control it.

Agricultural Drainage

Some of the programs, practices, and regulations that influence agricultural drainage water
quality include the following:

¯ The San Joaquin Valley Drainage Implementation Program, Multi-agency
¯ The Drainage Program and its constituent programs, Department of" Water Resources
¯ The Rice Herbicide Program, Initiated by the California Department of Pesticide

Regulation
¯ Federal and state restrictions on the use and handling of pesticides.
¯ Water contract requirements
¯ Voluntary implementation of IPM and BMP’s to reduce farming costs and pollution

sources.
¯ Local district such as Westlands Water District’s Groundwater Managementprograms,

Plan
¯ Habitat Enhancement Landowner Program, Western Growers Association.

Other recommendations include those developed by a series of Tectmical Advisory Committees
to the California State Water Resources ControlBoard, covering the following areas:

¯ Irrigated agriculture
¯ Pesticide management
¯ Dairy and feedlot management
¯ Rangeland management
¯ Plant nutrient management

Three current programs will be discussed briefly:

The Die.age Reduction Program, a sub-program of the Drainage Program at the Department
of Water Resources: This program examined the potential of a number of technologies and
management tools to reduce agricultural drainage. Examples improvedsubsurface include furrow
irrigation, shallow groundwater management, tiered water pricing, irrigation efficiency, and
emerging irrigation technologies. The Supplemental Information section provides a summary of
funded projects. A series of reports provide a substantial basis for evaluating the tested
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technologies and management tools.

The Rice Herbicide Program, initiated by the California Department of Pesticide Regulation in
1984. The herbicides are not included among the parameters of concem, but this may be largely
due to this program and the efforts made by the rice industry to reduce herbicide concentration in
surface drainage. This program included establishment office herbicide performance goals for
the Colusa Basin Drain and the Sacramento River. Holding times for rice irrigation water after
herbicide application were specified, and the rice industry installed a variety of innovative

return flow control reductions in rice herbicide concentrationsirrigation systems.Resulting were
dramatic, and generally in compliance with increasingly stringent performance goals. The
program, context, and results are described in the Supplemental Information section.

Habitat Enhancement Landowner Program, Western Growers Association, California Farm
Bureau Federation, and California Cattlemen Association. Under this program,
landowner/growers implement habitat enhancement on their property, and receive a general
incidental take permit to protect them from Endangered Species Act enforcement that might
result from the increased wildlife presence in the enhanced habitat. With regard to drainage,
habitat enhancement can play an important role, if it is designed to do so. For example, filter, or
buffer strips (land with relatively dense vegetative cover) can remove sediment and associated
parameters of concern from runoff, and wetlands allow for sediment settling and decomposition
of organic constituents, and immobilization or uptake of other parameters of concem. This
program is in the early stages of development, but has wide support and substantial promise.
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I SECTION 7

I ACTIO N STRATEG I ES

I Action strategies have been developed by the Water Quality Program to address water quality
problems in the Delta and its tributaries. The strategies are recommended actions that either
improve source water quality by reducing loadings from the sources of water quai[~ problems

I (e.g., mine drainage, agricultural drainage, urban and industrial rtmoff, ~�l municipal and
industrial wastewater treatment facilities), upgrade water treatment plants, or change water
management practices.

.
Action strategies to address water quality problems include a combination ofresearch,¯ pilot
studies and full-scale actions. For some parameters, such as mercury, there is little understood

I about its sources, the bioavailability of the various sources, and the load reductions r~eeded to
reduce fish tissue concentrations to levels acceptable for~human eonsmnption. For this parameter

i further study is recommended before full-scale actions are taken. Foi)0ther parameters, such as
selenium, sources are better documented, and source control or treatment actions can be taken
with a reasonable expectation of positive environmental results.

Performance targets have been established to meas .urethe i effectiveness of actions in improving
water quality. Performance targets may b~ quantifiable red~�f!0.ns in loadings of parameters. For

I example, the target for copper in the saeramento.P~iver is toreduce copper loadings in the Upper
Sacramento River from 65,000 p~S to 10,000 pounds per year. For actions that recommend
further study of a parameter the p~rfdrmance~get maybe a focussed outcome. For example, an

I action for is further res~ch to better’understand the sources and mechanisms ofmercury
mercury ~!~lation in ~e Dd!..ta. The perf0~ance target is a targeted action plan that specifies
selectaon ~pr!orittzation of~e~:inost effective mercury remedmt~on actions.

Indicators of Sa~s~e generaii~ numerical or narrative water quality targets have been
developed for..~i~:~:~eter of cdne,.ern. These targets relate to acceptable in-stream

I concentrations ~)f parameters. They will be used to gauge action and alternative effectiveness at
protec~g beneficial uses; Targets are based on Water Quality Control Plans (Basin Plans) of the

¯ Bay Area and Central ValleyRegional Water Quality Control Boards or U.S. Environmental
Protection Agency ambient water quality objectives, standard agricultural water quality
o~j’~tives, and target S0urce drinking water quality ranges as defined by technical experts.

~d~ p~ogrammatie actions may vary in cost, technical feasibility, and other respects that
v~o~d’~ thefinal, choices for implementation of actions. Actions will therefore be subjected

I
to pr~,feasibiiity analysis to determine which programmatic action are most appropriate to be
carried forward toward implementation. This work has begun and will continue into Phase III of
the CALFED Program. Full feasibility analysis in conjunction with project-specificI will be in Phase III.environmentaldocumentation performed
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I
Summary of Action Strategies

I Following is a summary by geographic region of some of the major strategies that make up the
CALFED Water Quality Program.

I Delta
~lctions strategies to address water quality problems in the Delta address urban and industrial

I runoff, municipal and industrial wastewater, agricultural drainage, and source control and
treatment. Following is a description of the main actionMrategies~o~ ~ach ofth~e~o~urces.

Mine drainage acnons wdl reduce mercury_ load~ngs to theD~!~from abandoned and ~nactive
mines. These actions include source control and treatment N~s. Actions for mercury occur
tl~oughout the basin and are primarily being addressed.tl~~}i’.~  ff m-wide research-program

I that will attempt to identify bioavailable forms ofmerem’y, source~gfthe bioavailable forms and
an action plan to reduce the loadings of these four pi.lO~ scale actions are recommended for

mines that drain mercury to Cache Creek and,~..Yolo’"B~ass.

Urban and industrial runoff actions will,~ii~ to re~ue~ tO~i~ the pesticides

i ll~L~li~l~, .�_o.9p~, and oxy_ gen depl~on in ~Delta, a~i~~duce pathogens. Actions
include both source control and treatment measles.

I Municipal and industrial discharge to ~educe pathogens and oxygen depletion.
These actions include source Control and tr~ent measures including improved management
of boat ~.~£es and addition~..source con~olor treatment at wastewater treatment plants.

Agricultural~ag~ actions wi~rMu~ toxicity from the pesticide e~bo~, chlorpyrifos, and
di~on in the ~i�I~ A~ons ar~:~ly source control measures such as best management

improve the quality 0f drinking water sources include relocation of water supply
intal~es to avoid areas of high salinity, total or~,anic carbon, and turbidity.

7,’~’J -- - -- -

A~~ns to improve ~ng water quality include upgrades to treatment processes to improve
disii:ffeetion while reducing production of unwanted ~t.i~infection byproducts.

I A0fi~inSt0 address .~nknown toxicity_ focus on development of a comprehensive monitoring,
assessment, and research program to identify toxicities, the sources of these toxicities, and action
plans to address unknown toxicity in the Delta and its tributaries.

!
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Sacramento Basin

Action strategies in the Sacramento Basin predominantly include mine drainage actions with
some agricultural drainage and urban and industrial runoff actions. Following is a description
of the main action strategies for each of these sources.

Mine drainage actions will reduce mercury_, cadmium, ~ and zinc loadings t~q~e
Sacramento River and its tributaries from abandoned and inactive mines. These ~tions include
point source and non-point source measures. Actions for cadmium, and zinc are
focussed at mine sites that drain into the upper Sacramento River. Actions for mercury, occur
throughout the basin and are primarily being addressed through a system-wide rese~ch-program
to identify bioavailable forms of mercury, sources of the bioavailable forms and an action plan to
reduce the loadings of these forms.

Urban and industrial runoff actions will reduce toxicity of.the pesticide chlorpyrifos and diazinon
in the Sacramento River and its tributaries from urban.~easl: Tl~ese actions will include
implementation of pesticide usage BMPs in urban areas.     .

Agricultural drainage actions will reduce toxicityfr0m the.Pesticides earbofuran,
and ~ in the Sacramento River and its.tributaries from agricultural areas. Actions are
primarily source control measures such asbest management practices (BMPs), especially from
farm areas that drain to the Feather River,~ ColusaBiisin Drain~ and mainstem Sacramento River.

Actions to address unknown toxici~ focus on devel0pmeia~:of a comprehensive monitoring,
assessment and research prograr~o identifyt~xicities,~ sources of these toxicities, and action
plans to ad~ss unknown.toxicity in the Sac~ento River and its tributaries.

Action strategie~.~.it~iSan JoaqUin Basin predominantly include agricultural drainage actions
with limited min~ drainage actions. Following is a description of the main action strategies for
each of these

Subsurface agricultural drainage discharged to the San Joaquin River from the Grasslands area
argPerhaps the most significant cause of water quality problems, specifically ~ and
~ chloride, bromide), in the River. CALFED agricultural drainage actions include
~e reduction and reuse, timed drainage release, drainage treatment to reduce trace elements
and.other contaminants, salt separation and utilization and land use changes to reduce drainage
~fi~ii:)~ultural drainage actions will reduce toxicity from the pesticides chlorp_ yrifos and
~ in the San Joaquin River agricultural areas, areand its tributariesfrom Actions
primarily source control measures such as best management practices (BMPs) particularly in
farm areas that drain to Mud and Salt sloughs, and the San Joaquin River.
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I Actions to address mine drainage associated with loadings of cadmium and zinc to the San
Joaquin Basin (specifically the Mokelumne River) have been undertaken as part of the Penn

I Mine Remediation Plan. However, mercury_ loadings continue to be a problem in the basin.
Actions for mercury_ occur throughout the basin and are primarily being addressed through a
system-wide research-program that will attempt to identify bioavailable forms of mercury,

I sources of the bioavailable forms and an action plan to reduce the loadings of these forms.

Actions to address unknown toxicity_ focus on development of a comprehensive ~nitoring,

I assessment and research program to identify toxicities, the sources of these toxicities, and action
plans to address unknown toxicity in the San Joaquin River and its tributaries.

I Mine Drainage "

Reduce toxic effects of cadmium, copper, and zinc loadings~to,(h~ Delta and its tributaries by source
control or treatment of mine drainage at inactive and ab~n~lon~d in~:~ :sites. Action targeted at the

I Upper Sacramento River and tributaries to the Upper SacramentoRiv~rthat are major contributors
of copper, cadmium and zinc loadings....,.-:...~      ~..:,. ii ~/;.:.i :... ::~.,. :~ :.~.,.;:~ =~..: . i.~ ~:..~...~      -iili ~.))i.:: ’~

I        Methods
¯ Source control methods include :6a~ping taiiing~: ~iil~g~i,r~ving tailings piles, diverting

water courses from metal sours’s, seali~gmines, remowng contaminated sediments, and! similar measures to preve~s fr~m"ieaching:~} draining into water bodies.
¯ Treatment methods inv~,!~";ollectifi}:~and treat~ mine drainage to remove metals and

neutralize acidity. ~ ;~:~ :i:i)!. .. ~!~
I        Pefformanke.:~easure ....

¯     ~,q~qn !n annua!,~ ,eop~ !gadmgs (during an average water year) to the Upper Sacramento
I Ri~ie~i~ni~iipproxirnatel~?65,000 pounds to 10,000 pounds.

Indicator of siiCcess
Achievement .0.g~iii p!an objectives i~or cadmium, copper and zinc in the Sacramento River above

I Hamilton city:

Action
Reduce toxic effects of mercury loadings to the Delta and its tributaries by source control and/or
~ent of mine drainage at inactive and abandoned mine sites.

~ii:i)i!.ii~ii!!)i)!~ei~pment of a system-wide research program to identify bioavailable forms of mercury,

I ~:?~’~ ~ ~0ureeS of the bioavailable forms and an action plan to reduce loadings of these forms to the
Delta and its tributaries.

¯ Development of pilot scale projects to determine feasibility of mercury contaminated

I sediment cleanup. Recommend action be targeted at the Cache Creek and its tributary
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watersheds.
¯ Treatment of mercury contaminated mine drainage. Recommend action be targeted at the

Cache Creek Watershed and Mt. Diablo mine areas.
Performance measures
¯     Improved understanding of sources and mechanisms of mercury bioaceumulation in the

Delta.
¯ Improved understanding of the cost/benefit associated with remediatio~ of mercury

contaminated sediment.
¯ A targeted action plan that specifies selection and pdodtizati0n of actions to remediate

mercury loadings to the Delta and its tributaries.
¯ Reduction in mercury loadings to Cache Creek.
Indicators of success
¯ Achievement of US EPA 304(a) guideline for mercury in the Delta and its ~butades.
¯ Removal of fish health advisories. ~ .::: 5 .... "

Urban and Industrial Rnnoff

Action                                                  ~ "
Reduce toxic effects of copper, zinc and cadmiuth loading~ �0 the Delta and its tributaries from
urban and industrial runoff              :: "     :-.: :. : :-~ ~ ~ .... ~ "

Methods
¯ Enforcement of existing so~e"e¯control ~gulations~~~i
¯ Provision of incentives :for ’:additional source :~ntrol of urban and industrial nmoff,

particularly those areas ~have run~associai~d with vehicle usage.
Performance measure [.
¯ ~~l;~derstani:lingrf.the sources and mechanisms for bioaecumulation of cadmium,

¯ Redue~gg.m ~pper loa~gs atselected stormwater momtonng stations.
Indicator of success; , :"" :.
¯ For,eoi~i~i:~ ~achievement of Basin Plan objectives in the Delta and Sacramento River

and its tributarie~,:~S ~A 304(a) guidelines in the San Joaquin River and its tributaries
¯ .., "For cadmium aelfi~v~rii~nt of Basin Plan objectives in the Sacramento River and its

..:~.i. tributaries and west of Antioch Bridge in the Delta, US EPA 304(a) guidelines in the San
~.~:.~.~::i Joaquin River and its tributaries and east of Antioch Bridge in the Delta.

,.~:~

R~b .(orl eliminate) toxicity from the pesticides chlorpyr~fos and diazinon in the Delta and its
tr~[~"thrb~tgh source control of urban and industrial runoff.

Methods
¯     Provide regulatory incentives and financial incentives for implementation of additional urban
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I and industrial runoff source control measures.
¯ Provision of source control incentives, such as additional education for homeowners on

I pesticide usage and incentives for pesticide users to increase implementation of best
management practices including integrated pest management.

¯ Work with watershed stakeholder groups on source control education.

I Performance measure
¯ Improved understanding of the toxicity and sources and mechanisms of c~0rpyrifos and

diazinon transport into the Delta.
I ¯ Reduced at selected locations measuredtoxicity stormwatermonitoring byimproved

survivability from a three-species test.
Indicator of success
¯     Reduced toxicity from chlorpyrifos and diazinon in the Delta and its tributaries.

’, 5.!: :. .:.:~:..~;"~, "

Action                                                      " : " ’:
Reduce the toxic effects of nutrient loadings and conseq~Jently, o~_gen depletion in the Delta

I (specifically near Stockton) through source control of urban and industrial runoff.

Methods ..... °~~ ....... : ~ ~:: "        ’ "

I ¯ Enforcement of existing source coffff61 regulations :including implementation of best
management practices. ~":i:: ..... /;.’ ;~.i!~!iii~: ::!)~-:i:.

¯ Provision of incentives for additional source controi including best management practices
and better plarmmg ofnew,.d~v~opmer},,.~(e.g., destgn of storm drainage systems that target
maximum infiltratxon of~-s~.o, rmwater:!~to the ~0und or on-s~te or regmnal stormwater

i sedimentaUon facilitxes ~t detain the.~ajonty of stormwater for at least 8 hours,etc.) and
publi~ education. . , .-:

Performai~eMeasure :::::/::~. i ~::.i,       ’ ,. :i
¯ * ~~iunderstanding:~fthe sources and mechanisms for nutrient transport in the Delta.

¯ No ~~le impacts to:fishfrom low dissolved oxygen levels in the Lower San Joaquin
Ri                                      "i’. ii :.-. " ) " ~ ’ ~

Indicator of Success : :" .....
¯ AChievement of Basin Plan objectives for dissolved oxygen in the Delta and its tributaries,

particularly in the Lower San Joaquin River.

I Reduce the impactsof ~ediment loading, and subsequent turbidi_ty to the ecosystem ofthe Delta
~its. tributarie~ and to urban drinking water sources in the Delta, through source control of
urban ~d ~nd~rial runoff.

Methods

i ¯ Better enforcement of existing source control regulations for construction sites. May include
development of ordinances and other measures.
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¯ Education of construction personnel on impacts of construction site discharges.
¯ Evaluate the feasibility of detention basin in new developments for control of sediment and

its associated pollutants.
Performance Measure
¯     Decreased turbidity levels in urban runoff discharges to the Delta and its tributaries and at

Delta water supply intakes.
¯ Increased juvenile anadromous fish production in areas downstream of new"developments

on Delta tributaries where anadromous fish are known to spawn.        "
Indicator of Success
¯ Achievement of a 50 NTU monthly median at drinking water intakes.
¯ Achievement of Basin Plan objectives for turbidity.

Action                                                                "

Evaluate the loadings of TOC, salinity, and pathogens in urban runoff and assess the need for
source control measures to reduce these parameters of concern to drinking water supplies.

Methods
¯ Include monitoring for TOC, salinity, ..and pa~oge .us in stormwater and dry season runoff as

part of the comprehensive monitoring, assessment, an~d research program.
¯ Evaluate the relative loading of these constituents in urban.runoff, wastewater discharges,

and agrieultttral drainage discharges.             ..
Performance Measures
¯     Improved understanding of~es0urces.ofTOC, salinity, and pathogens in the Delta and its

watersheds.
¯ Reduced TOC, salinity, and pathogeh loads entering the Delta and its tributaries.
¯ Reduc~.~peaks in salim’.ty concentrations at water supply intakes.
Indicator of Success
¯ Ael~iev~iof water SiJ~ply~trget levels for TOC (3.0 rag/L, quarterly average), pathogens

(<1 oo~O~), and sailni,.’ty(220 rag/L, 10 year average).

Wastewater and Industrial Discharges

Acti°n          " "
R~,ce the impact of domestic wastes and hence pathogens to Delta urban drinking water supplies
~t~ecreational water ~ses, from boat discharges within the Delta and Delta tributaries.

" ’: ?~:~M0~e extensive enforcement of boat domestic waste discharge regulations.
¯ Extensive boater education campaigns.
¯ Installation of more extensive, better, and more economical pumpout stations.
¯ Installation of more public toilet facilities.
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Performance Measure
¯     Quantifiable records from pumpout facilities that show increased usage by boaters. Usage

should match expected boater domestic waste quantities.
¯ Number of public workshops and other outreach activities,
¯ Number of new pumpout and toilet facilities installed.
Indicator of Success
¯ Reduced bacteriological counts in marinas and other recreational areas.
¯ Achievement of water supply target levels for pathogens (<1 ooe~st/100L)~i’:

Action
Reduce the toxic impacts of oxygen depleting substance~ and copper and mercury_ 1Qadings to the
Delta through cost effective source control and treatment of industrial and municip~, wastewater
discharges. Action for oxygen depleting substAr~ees should.be ~targeted at the LovcerSan Joaquin
River and couu~r and mercury loadings at the Suisun Bay and C~quinez Straight

* Financial and regulatory incentives provided to ~i~iustries:~~=~eat discharges containing
copper, mercury, and oxygen depleting su~s~ce,s.

* Financial and regulatory incentives ~p~d~d :. to municip~iti~’S to provide improved
wastewater effluent treatment and to ide~ify~d~plement oi~ortunities for wastewater

¯    Treatment of a portion of upstr~ muniqi!~’~il wast~ff~ffluent in wetlands.
Performance Measures .... ~.~
¯ Reduction in nutrient loadi~’"from D~ita munieip~ti wastewater treatment facilities.
* Reduction in copper and~cury longs fromDelta wastewater treatment plants.
Indicator of Success ..... . ...~: :, ~ .~.
¯ Ae~ement ofB~~gbjectives ’for dissolved oxygen in the Lower San Joaquin River.

Aetii~ei~ent of aPi~li~]~Basin Plan objectives or US EPA 304(a) criteria for copper and"
Reduce the toxic impac~sof selenium loadings to the Delta through source control and treatment
of industrial discharge& :.~ctio~:should be targeted at industries that discharge selenium to the
Suisim Bay and Carquinez Straight area.

¯ "    Additional treatment of oil refinery discharges in the westem Delta for selenium removal.
P~t’or~iice Measure
.~"~~ ~!!!:"~~"’~a~c~dselenium loadings to the westem Delta
Indicator of Success
¯ Reduction in tissue concentrations of selenium to levels that are not harmful to aquatic

organisms in the westem Delta.
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Action
Evaluate the loadings of TOC, salinity, and pathogens from wastewater and industrial treatment
plant discharges, and assess the need for source control measures to reduce these oarameters of
concern to urban water supplies.

Methods                                                        "
¯     Include monitoring for TOC, salinity, and pathogens in wastewater and ind~tdal treatment

plant discharges as part of the comprehensive monitoring, assessment, and research program.
¯ Evaluate the relative loading of these constituents in urban runoff, wastewater discharges,

and agricultural discharges.
Performance Measures
¯     Improved understanding of the sources of TOC, salinity, .and pathogens in theDelta and its

tributaries.                               " .... ¯
¯    Development of appropriate actions to reduce TOC, salini~,, .~,d pathogen loads entering the

Delta and its tributaries. ..
Indicator of Success .. ¯
¯ Achievement of water supply target levels for TOC .(3.0 mg/L, quar~.erly average), pathogens

(<1 oocyst/100L), and salinity (220 mg/L, 10 year average).

Action
Reduce the toxic effects of ammonia entering the Delta land its tributaries from waste water
treatment plant discharges through improved tr~eatment.

Method
¯     PrQ~ incentives for improved waste water treatment facilities and processes.
Performance i~ieasure ~ ::.       "
¯ l~d~ci:~!~xicity ~iu~:~!::~onia in Delta channels and lower reaches of its tributary

’ ’ "
Indicator of Success

, :.~: "~.~ ~ ~.:. ,. .....
¯ Improved Surviyal~ of.test organisms in three-species toxicity bioassays, and indications

,.through the toxicity identification evaluation testing that ammonia is not a significant cause
...: ~ftoxicity in Del~ch~els.

~icultural Drainage

Ac on : .....
R~d~"~hdtoxic effects of selenium loadings to the Lower San doaquin River and Delta by
controlling sources of selenium in agricultural sub-surface drainage.

Methods
¯     Change use of lands that are major sources of selenium through voluntary landowner
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participation and by compensated arrangements to reduce drainage volumes.
¯ Reduce drainage flows through increased water use efficiency.
¯ Evaluate feasibility of treatment options and treat drainage for selenium removal where

feasibility,
¯ Evaluate land management programs that include planting crops such as safflower, that use

water from the high water table.
Performance Measure
¯ Reduced selenium loadings to the San Joaquin River watershed.
Indicator of Success
¯ Reduction in the tissue concentrations of selenium to levels that are not harmful to aquatic

organisms.

Action
Reduce aaiittLOz impacts to Delta urban and agricultural source Waier quality through Source control
and treatment of agricultural surface and sub-surface drai~e ~n#he San doaquin River watershed.

Methods
¯ Improved source irrigation water quality in sub-surface drainage areas.
¯ Concentration and safe disposal of agri’ctdtural drainage in evaporation ponds.
¯ Treatment of agricultural drainage by ~(i~i~se’:6~SiS~ Constructed wetlands, and continued

research in other treatment teclw4~S..    ~ " . ?::.~7/..    . .~ ., .~ ¯
¯ Time agricultural drainage diScharges to:~oincid~i~th~i~eriods when dilution flow is

sufficient to achieve water q~!~ targ~tlranges fo,rsalinity.
Performance Measures
¯     Reduced salinity loads eri~i:ing the g~Joaquin River from adjacent lands.
Indicators of Success , .... : ,i:~~       ¯ ,~.~ " "

Joaquin River¯ ~d:salinity, in theSan near Vemalis, where the River flows into the

¯ Ac~;~(Of CALFm: W~ter Quality targets for salinity.

Action .,.:!::!i:i:" ........ :~: .!....:.
Reduzg:);xicity’~" from’ ---agriCul~’~d pesticides such as ~.arbofuran, chlorovrifos, and diazinon that

have:~, ~en:::,?:,: identified as ~a~sin~toxicity to aquatic life in th-e Delta. ""

;):::::):::!:’,Provide regulatory and financial incentives for implementation of agricultural drainage
.:z?:~:?,~-:y: ,.?,.
?~,!:,:~:i~:::~:.:soureei:eontrol measures that include incentives for pesticide users to increase
:::~!!i:Y:!:!’:~:~l~mentation of best management practices including integrated pest management and

grower education.
¯ Provide financial incentives and assistance for pilot-scale testing of best management

practices to control pesticide discharges in agricultural surface runoff.
¯ Work with watershed stakeholder groups on source control education..
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I Performance Measures
¯     Reduction (or elimination) of toxicity in Delta channel waters and tributary waters..
Indicator of Success
¯ Improved survival of test organisms in three-species toxicity bioasssays, and indications

through the toxicity identification evaluation testing that pesticides are not a significant cause
I of toxicity in Delta channels.

¯ Achievement of Basin Plan objectives for carbofuran when they are promulgated.

I Action
Reduce the impacts of sediment loading and subsequent to the ecosystem of the Delta and its
tributaries and to urban drinking water sources in the De!ta, through agricultural runoff control

I measures.

.: ,?,.-.~,...
I M ethod                                        . ¯

¯     Provide incentives and assistance for implementation of agricultural land use practices and
improved irrigation strategies to reduce soil erosiori,and for installation of buffer strips.

I Performance Measures
¯ Reduction of sediment loading to the Delta and its tributaries from agricultural areas with

high erosion rates. ,.~ ~:.. i ............ :

I Indicator of Success                     ,     ,
¯     Achievement of a 50 NTU monthly median at dri~g water intakes in the Delta and

tributaries.                 ~       . ¯

I
¯ Achievement of CALFED ta~’. gets for turbidity.

Action "                          ;¢i ’: :"i::~~:::!:~:~:: /" "

I Reduce the impacts of TOCloading on drinking water supplies by controlling TOC discharges from
the Delta ]~t~ds.        " .:

¯
¯ Provid~: ~eiaI .assis~e ~and incentives for pilot-scale testing and implementation of

I water, management practices and cropping patterns to reduce contributions of TOC from
p.elta islands. ~ .....:. ~ ....

¯ . :Change or modify land use on Delta islands with peat soils.

I * .:~[: Reduce concentration of TOC in agricultural drainage water through treatment of drainage
~.~:!i~i:~i water prior to discharge.

P~brmance Measur~is
¯ ,.:) ~i-, Reduction in TOC loads to the Delta by as least 25 percent. (CMARP will provide
:!:~i:::.ii~i~[ i,’[~.,ormation on whether a 25 percent reduction in conjunction with other source control
~~!~i!,!!:7[ :.:~eSwill allow the target level of <3.0 mg/L to be met).

I         Indicator of Success
¯     Achievement of a TOC target level of <3.0 mg/L quarterly average at drinking water supply

I intakes..
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Action
Reduce the toxic effects of ammonia entering the Delta and its tributaries through source control
of agricultural surface drainage.

Method
¯     Provide incentives for implementation of best management practices at dairies.~ other animal

operations, and fertilized lands in the watersheds that discharge into the De!~ including the
North Bay, and the lower reaches of the Sacramento and San Joaquin Rivers, and westside
stream tributaries to the Delta.

Performance Measures
¯     Reduced toxicity due to ammonia in Delta channels and lower reaches of its tributary

streams.
Indicator of Success
¯ Improved survival of test organisms in three-speci~si’~0xicity bioasssays, a~d indications

through the toxicity identification evaluation testingi~i.~onia is not a significant cause
of toxicity in Delta channels.                 : :~ .... ,:.. -~ .

¯ Achievement of US EPA 304(a) guidelines for"~ord~:iii"th~.Delta.,~.. - ’., and its tributaries.

Action
Reduce the impacts of pathogens on drinMng.water ~pp_l~.~Z~con~olling sources of pathogens
from rangelands, dairies, and confined animal facilities:~.:~..,.

Method ~ ,

¯ Provide financial incentives’ and educational...assistance for pilot-scale testing and
implementation of best~anagement,’ipractices that control pathogen discharges form
rang~,!ands, dairies, and ~nfined anim~ ~cilities.

~,...¯ P~d~:~nancial.r~,so.ur. _~s..for the Regional Board to more effectively regulate all dairies
vn~was~ discharge reqw~ments.

Pefformanc~Mi~iisures    ¯ ;%:::~ " "
¯     Reductio~:ii~pa~ogen lo~s entering the Delta and its tributaries from confined animal

facili’tie~i~d"~eiands.. ’..~ ~ ....
Indicator¯of Success .....
¯ .,~hievement of p~’~a~g~: target level (<1 oocyst/100L at drinking water supply intakes.

W~.a,..¢er Treatment

ActiOn.
imi~i’~O:v~~reated drinking water quality (including reduction in formation of disinfection by-
productS) through treatment to reduce concentrations of total organic carbon, pathogens, turbidity,
and bromides.

I
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Methods
¯     Incentives for the addition of enhanced coagulation, ozone, granular activated carbon

filtration and/or membrane filtration facilities to the water systems treating water from the
Delta.

Performance Measures
¯ Reliably meet current and future drinking water standards.
Indicator of Success
¯ Absence of waterborne disease outbreaks and quantitative evidence of treatment success by

measures such as bacteria counts, pathogen counts, and measurements of organic carbon,
disinfection byproducts, and turbidity.

Action
Improve total organic carbon, pathogens, turbidity and bromides at domestic water supply intakes.

Method
¯     Relocate water supply intakes to areas that are not influenced by those discharges.
Performance Targets
¯ Total organic carbon concentrations 3.0 mg/L (quarterly average).
¯ Bmrnide concentrations of 50ug/L (q~rlYaverage).
¯ Turbidity less than or equal to 50 NTU (mon ~thly median).
¯ Total dissolved solids less than 220 :mg/L (10 yeat:~verage); or less than 440 mg/L (monthly

average).
¯ Protozoa (Giardia, Cryptosporidium oocysts) less than 1 oocyst/100 L (annual average).
Indicators of Success
¯     Existing modern, well operated treatment plants can successfully and reliably meet current

and future drinking watei:. standards without the need to significantly upgrade facilities.
¯ Absence ofwaterb0medi~ease outbreaks and quantitative evidence of treatment success by

~~ ":such as~ct~:~unts, pathogen counts, and measurements of organic carbon,

disinfe~tio! iyp.roducts; !~d. turbidity..... ,:~:~,i~::i.i.,~i~i-i~iiii. ....~ :i:~ : :/. ~ .....
Unknown ToxicitY!"":

Action .... "
Identify and implement abtions to reduce toxicity to aquatic organisms from chemicals in the water
and, sediment within the Delta and its tributaries.

Method
~i~ii!"i!i!i:~i~i i~Coiidueting toxicity testing and toxicity identification evaluations and/or other appropriate

’ ::?i ......methods.
¯ Coordinate efforts with monitoring programs being conducted by others..
Performance Measure
¯     Full implementation of a comprehensive toxicity identification and evaluation program.
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Indicator of Success
¯     Successful identifications of causal agents of toxicity in the channels of the Delta estuary and

subsequently, a significant reduction (or elimination) of the amount of toxicity present in the
rivers and sediments due to successful implementation of control measures for toxicants
identified in the CMARP.

Water Management

Action
Reduce the concentration of salinity entering the Delta and its tributaries during low flow periods.

Methods
..¯ Acquiring dilution water from willing sellers.

¯ Provision of incentives for more efficient water management of dams, including reservoir
re-operation.                                    ..:..:. :~. ....... .:: .....

¯     Urban water conservation. Conservation might b~ achieyed through use of incentives for
implementation of best management practices by more’: suppliers and water users.
Implementation of the action may reduce.demand for existing water and may make dilution
water available (including transfers),..e.speeiatly.0n the:San Jo~ River

¯ Greater use of reclaimed waste~at~ (e.g.,re~h~ge! ~oundwater, treated agricultural
drainage, use for agricultural i~gation, recycling .~:tr..eating for potable or non-potable
urban, use of grey water, and sto~e for use~:~ meet~~’~tandards).Reclamation programs
would focus on facilities th~~gurrentl.~ dischargetreated wastewater to salt sinks or other
degraded bodies of water.~(are not"~sable..

¯ Enhanced seasonal rech~ge. ";::~: ~ .... ¯ .....
¯ Deyei0pment of addi~ groundwatersupplies.
Pefformaii¢,e.:Target

Reduced ~ty loads to,theDelta.
Indicator ofS~s ,:i.
¯ Reduced of  i  aiSsolved solids, chloride, and bromide in the San Joaquin

River near V~malis, where the River flows into the Delta.
. .. {. .:~ ,;~: ¯

Action
Reduce salini~_ for agricultural source water in the South Delta through improved ouO’low patterns
and water circulation in¯ the Delta.
.’??. ~i’,_’:" ....

Methods
~":" ~ ’ C0hStruct one or more tide gates, weirs, dams or sills at the head of Old River and possibly

other southern Delta locations to manage drainage flows, tidal currents and stages in the San
Joaquin and Middle River and interconnecting channels.

¯ Relocate Delta island drainage to more efficiently route salinity to the Bay and ocean.
¯ Provide dilution water for salinity control. (This measure would be considered as one
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I possible means of mitigating salinity impacts of other CALFED actions, if such mitigation
were necessary.)

I Performance Measures
¯ Reduced salinity loads entering southern Delta channels.
Indicator of Success

I ¯     Reduced total dissolved solids in the southern reaches of the Old and Middle Rivers.
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I SECTION 8

I WATERSHED COORDINATION

The mission of the CALFED Bay-Delta Program is to develop and implement a long-term
comprehensive plan to restore ecological health and improve water management for beneficial
uses of the Bay-Delta System. The CALFED Bay-Delta Program is developing and
implementing a comprehensive plan to address a declining ecosystem, uncertain water supplies,
and imperiled water quality. This plan will include an integrated approach to solving these
problems and watershed management is one of the components of that approach. Watershed
management will be included in each of the three alternative Bay-Delta solutions as a means of
improving water quality, enhancing sources of drinking water, improving ecosystem health and
increasing water yield.

As defined in this policy, watershed management is a comprehensive integrated basin-wide
.approach that address of the existing water quality problemswell themay many ecosystem
restoration needs. Fo.r example, water quality problems could include but are not limited to point
and non-point sources, ground water and surface water quality degradation. Ecosystem
restoration may include fish, wildlife and habitat restoration actions. A watershed-wide focus
will help to better integrate and coordinate State/Federal resource management programs with
local watershed activities, while ensuring long-term benefits for the Bay-Delta system.

A primary role of CALFED is to coordinate the solution of Bay-Delta system problems on a
large scale. CALFED watershed management will be an outgrowth of this role, emphasizing the
efforts of diverse interests - environmental, agricultural, industrial, municipal and other local,
State and Federal agencies - working together to achieve long term solutions to the problems of
the Bay-Delta system.

CALFED fosters local stewardship and supports community based watershed interests.
CALFED for with local assist in the formation of alliances andexample,work agenciesto
cooperative projects to improve water quality for beneficial uses on a larger scale than might be
possible with local agencies working alone or in more narrowly scoped programs.

CALFED supports sound scientific investigations and pilot programs to develop and demonstrate
methods for protecting and enhancing beneficial uses of the Bay-Delta System. An important
component of CALFED support for programs is to assure development of adequate technical
documentation to support decision-making in a long-term adaptive management process. For
example, CALFED might assume a leadership role in coordinating assessment activities
throughout the watersheds tributary to the Bay-Delta to assure uniform dat collections protocols,
uniform application of quality control, standardized analyses, and compatible database structures.
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Emphasis for CALFED involvement in watershed management activities will be placed on
activities that are consistent with its solution principles to reduce conflict, and to be equitable,
affordable, durable, implementable, and not to have significant redirected impacts. Other criteria
such as technical, economical, financial, and institutional feasibility will also be considered for
any watershed management project.

In all such activities, it will be the CALFED Bay-Delta Program’s initial role to assist
implementation of projects on a larger watershed scale to help unify individual watershed
management activities:

¯ CALFED may take an active role to help plan and coordinate outreach and educational
programs.

¯ CALFED can serve as a source for information related to watershed-wide activities
affecting the Bay-Delta system.

¯ CALFED will make available funding information by publishing lists of watershed
funding sources on a periodic basis.

¯ CALFED will support and foster local watershed management activities through
technical, financial and policy activities.

¯ CALFED will solicit assistance in developing selection criteria for CALFED funded
watershed implementation projects.

¯ CALFED will develop a Watershed Strategic Plan containing a stakeholder agreed-upon
vision for the future of the watershed affecting the Bay-Delta system. This plan will

quality, ecosystem resource goals.establishwater restoration,and
¯ CALFED will solicit technical information and will involve the stakeholders and

agencies to develop a standardized approach to assure uniform dat collection protocols,
application of quality control, standardized analyses, and compatible database structures.

¯ CALFED can enter into.partnerships with entities managing watershed programs.
¯ CALFED will conduct a survey to assess the number of stakeholder groups who have a

vested interest in the benefits of a watershed program. Watershed stakeholders will be
actively solicited for their cooperation and CALFED can help to serve as a central
network of information to share among the stakeholders.

CALFEDwatershed management activities will be fully coordinated with existing or new
watershed management programs affecting the Bay-Delta System including, but not limited to,
the State Water Resources Control Board’s Sacramento River Watershed Program, the
Sacramento River Toxic Parameter Control Program, and the federal, State and Regional Water
Quality Control Board’s Watershed Management Initiative Programs.
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SECTION 9

REFERENCES

(To Be Added)
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APPENDIX A

WATER QUALITY TECHNICAL GROUP
STAKEHOLDERS
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Monday, August 04, 1997

I
Phone Book

Name Orqanization Phone FAX e-Mail Address
Abbott, Robert E A Engineering Science and Technolo (510) 283-7077 RRA@EAENG.MHS.COMPUSERVE.CI Adams, John Natural Resources Defense Council 415/777-O220 415/495-5996
Alton, Bruce Boyle Engineering 9161483-7771 916/483-7999 baiton@boyleengineering.com
Alemi, Manucher M. California Department of Water Resour 916/327-1630 916/327-1648 malemi@water.ca.gov

I Allen, Morris City of Stockton 2091937-8750 2091937-8708
Alsop, William R. Chem Risk 510/748-5657 5101521-1547 bill._alsop@mclaren-hart.com
Ames, Marcia City of Redding (916) 224-6049 mames@ci.redding.ca.us

i Ames, Laurel Sierra Nevada Alliance
Anderson, John Yolo County Resource Conservation Di (916) 662-4570
Aramburu, Margit Delta Protection Commission 916/776-2290
Archibald, Elaine M. Archibald & Wa~lberg Consu{tants 916/736-3713 916/736-3714I Arellano, Vanessa FSA State Committee
Arthur, James US Bureau of Reclamation
Atkins, Carol State Water Resources Control Board (916) 657-0468

I Atwater, Richard Bookman Edmonston Engineers 8181244-0117
Bailey, Bob Middle Creek CRMP (916) 246-5252
Ballman, Ed Environmental Water Resources 5101642-6777 510/643-8934 edball@uclink4.berkeley.edu

i Barnes, George Department of Water Resources 916/453-5924
Ban’, Linda Sierra Club (916) 557-1100 (916) 557-9669
Bards, Lynn Butte Environmental Council (916) 893-5243
Barry, Terri California Environmental Protection Ag 9061324-4140 916/324-4088 tbarry@cdpr.ca.govI Basque, Marcia Regional Council of Rural Counties
Bateni, Naser Department of Water Resources 916/453-9883
Bates, Gregg Dry Creek Conservancy (916) 771-2013

I Batha, Rick City of Sacramento 916/433-6625 9161433-6652/
Bearden, Katie San Joaquin Valley Unified APCD
Beck, James M. Kern County Water Agency 805/634-1451 805/634-1428 jbeck@lightspeed.net

i Beckley, Steve California Fertilizer Association (916) 446-4647 (916) 441-2569
Beckman, Sid US Forest Service
Beegle, Robert CARCD (916) 933-4823 622-2563
Behar, David The Bay Instittute 415/721-7680 415/721-7497

I Bell, Chuck Natural Resources Conservation Servic (916) 757-8252
Bennett, Bill UC Davis c/o Friday Harbor Labs 707/875-2211 707/875-2009
Bennett, William J. Department of Water Resources

I Bergen, Ged (916) 272-7075 Same
Berger, Robert East Bay Municipal Utility District
Bertolero, Toni City of Benicia

i Beuhler, Mark Metropolitan Water District of Southern 213/217-6647 213/217-6951 mbeuhler@mwd.dst.ca.us.
Beyer, John USDA (209) 252-2191
Bingham, Nathaniel Pacific Coast Fishermen Federation 7071937-4145
Bischel, David California Forestry Association

I B{shop, Walter Contra Costa Water Distdct 5101688-6000 5101688-8197
Blodgett, Bruce California Farm Bureau Federation (916) 446-4647 (916) 9235318
Bobker, Gary The Bay Instittute 415/721-7680 415/721-7497

I Boles, Jerry L. Department of Water Resources 916/529-7326 916/529-7322 bolesj@water.ca.gov
Borgonovo, Roberta League of Women Voters 4151989-6683; ho 415/931-3414
Bowes, Gerald State Water Resources Control Board 916/657-1029 916/657-2388

i Brandes, Pat US Fish and Wildlife Service
Brandow, Clay California Division of Forestry - FRAP (916) 227-2663 clay.brandow@fire.ca.gov
Bransford, Donald Glenn-Colusa Irrigation District
Breitenbach, Rick CALFED Bay-Delta Program 9161657-2666 9161654-9780

I Bressler, Dick USDA
Breuer, Rich Department of Water Resources 916/327-1725 916/327-1648 rich@waer.ca.gov
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Monday, August 04, 1997

Phone Book

Name Orqanization Phone FAX e-Mail Address
Brice, Ann Cache Creek Conservancy 916/661-1070 906/661-1070
Briggs, Dave Contra Costa Water Distdct 510/688-8073 510/688-8142
Brockbank, Marcia San Francisco Estuary Project
Bmdberg, Robert OEHHAPETS 9161323-4763 9161327-1097 sactopo.rbmdber@hwl.cahwnet.gov
Brown, Russ Jones & Stokes 916/737-3000 916/737-3030
Brown, Randall Department of Water Resources 916/227-7531 916/2277600
Bruns, Jerry Central Valley Regional Water Quality 916/255-3093 916/255-3015
Buck, Byron California Urban Water Agencies 916/552-2929 916/552-2931
Bucknell, Patty Anlab 9161447-2946 916/447-8321
Buehler, Kati Northern California Water Association 9161442-8333 916/442-4035
Buer, Stein CALFED Bay-Delta Program 916/653-6628 916/654-9780
Bullock, Arthur R. Tehama-Colusa Canal Authority 916/934-2125 916/934-2355
Bunker, Chadie EcoLogic Engineers 916/973-8100 916/773-8448 ecologic@foothill.net
Burbridge, Nicole Meadowbmok Conservancy Associatio
Burke, Kerry Lassen Watershed Project (916) 595-4493
Bumam, Jack Carollo Engineers 9161565-4888 9161565-4880
Butler, Dick National Marine Fisheries
Buttz, John Kennedy/Jenks Consultants 916/362-3251 916/362-9915 johnbuttz@kennedyjenks.com
Byron, Ead R. CH2M Hill 916/920-0300 916/920-8463
Caffrey, John State of California (916) 657-1627 (916) 657-0932
Callman, Elissa Water Quality (916) 433-6635
Candy, Peter L. 4151928-6409
Carpenter, Marc Westlands Water District 2091224-6578 2091224-6889
Cativiela, Jean-Pierre California Rice Industry Association 916/641-5039; C 916/929-0732
Cawley, Ken Regional Council of Rural Counties
Chadwick, Pete State of California
Chadwick, Anne Califomia Association of Wheat Grower (916) 348-8865 (916) 348-1525
Challender, Rebecca Natural Resources Conservation Servic (916) 757-8264
Charlton, Veme Ditch Grade CRMP/Cow Creek CRMP (916) 225-2434
Chatfield, David Clean Water Action 415/362-3040 dchatfleld@cleanwater.org
Chedester, Steve San Joaquin River Exchange Contracto 209/827-8616
Christie, Jason Santa Clara Valley Water District
Chu, Nancy USDC (319) 980-4001 980-4018
Chung, Francis Division of Planning
Clark, Tom Kern County Water Agency
Clement, Katherine U. S Forest Service (415) 705-1834 (415) 705-1127
Cobum, John State Water Contractors 916/447-7357 916/447-2734
Cohen, Ronnie Natural Resources Defense Council 415/777-0220 4151495-5996 rcohen@nrdc.org
Cohen, David State Water Resources Control Board 916/657-0799 9161657-2388
Cole, Linda Valley Water Protection Assn. (916) 343-0916
Condon, Deborah C. Department of Water Resources 916/653-9570
Connor, Val Central Valley Regional Water Quality 916/255-3111 916/255-3015 valc@bptcpl .swrcb.ca.gov
Connor, Valerie Central Valley Regional Water Quality
Cook, Herb Natural Resources Conservation Servic (916) 682-7844
Cooper Carter, Kristen Office of Sponsored Projects 916/898-5700
Cooper-Carter, Kristin California State University, Chico (916) 898-5700 898-6804
Crawford, Julie UC Berkely Extension (510) 643-1136
Creagero Clayton 7071942-6907 707/942-6985
Creason, Cheryl Sacramento County 916/552-8239 916/440-7100
Crenshaw, James California Sport Fishing Protection Allia
Crooks, William H. 916/369-2909 bcrooks@ns.net
Crow, Steve Natural Resources Conservation Servic (209) 276-7494
Croyle, Bill Central Valley Regional Water Quality 916/255-3091 916/255-3015 billc@bptcl .swrcb.ca.gov
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Monday, August 04, 1997

Phone Book

Name Orqan|zation Phone FAX e-Mail Address
Cunha, Manuel Nisei Farmers League

I Dangermond, Michael (916) 223-2585
Daniel, Dick CALFED Bay-Delta Program 916/657-2666
Davies, Leon UC Davis Sea Grant Extension Progra

I Davies, irene Cache Creek (916) 557-6755
Dawson, Barbara USGS (916) 278-3082 bjdawson@usgs.gov
de Viaming, Victor State Water Resources Control Board 9161657-0795 916/657-2388 vicdv@bptcpl.swrcb.ca.gov

i Decker, Jennifer A. California Department of Fish and Gam 916/654-3821 916/654-3805
Denton, Richard A. Contra Costa Water District 5101688-8142 5101688-8187
Dickey, John CalFed Bay-Delta Program 916/243-5886 x 3 916/243-1654 jdickey@ch2m.com
Dodge, Donald M. City of Stockton 209/937-8718 209/937-8708 noneI Domagolski, Joseph U.S. Geological Survey 916/979-2615 x3
Donhoff, Kevin Metropolitan Water District of Southern 213/217-6359 213/217-7778
Donovan, Steve Ducks Unlimited (916) 852-2000 (916) 852-2200

I Downs, Anne Pacific Egg and Poultry Association (916) 441-O801
Drennan, Jack USDA
Dubrovsky, Nell US Geological Survey 916/278-3078 916/278-3071

i Duncan, Jeanne 916/366-9376 9161366-1432
Dunn, William Calavaras County Water District 209/2934045
Dunne, Mary California Department of Fish and Gain 2091942-6075 209/946-6355 mdunne@delta.dfg.ca.gov
Eck, Darrell County of Sacramento (916) 440-6851

I Elliott, Woody California State Parks and Recreation (916) 538-2200
Elliott, David Environmental Micro Analysis (916) 666-6890
Enson, Jennifer Psomas and Associates 916/929-7100 9161929-6380 jenson@psomas.com

I Eslamian, Dordaneh 9161323-0245
Fajita, Ron Environmental Defense Fund 5101658-8008 5101658-8063 md@edf.org
Falaschi, Dennis Panoche Water Distdct 209/364-6136 209/364-6122

i Feemstra, Bob Milk Producers’ Council (909) 628-6018 (909) 591-7328
Feletto, Nadine M. Department of Health Services 916/323-1670
Field, Deanna State Water Resources Control Board (916) 657-1036
Fields, John U.S. Bureau of Reclamation 9161979-2427 916/979-2355

I Finlayson, Brian California Dept. of Fish & Game 916/358-2950 916/358-2953 bfinlays@hg.dfg.ca.gov
Fischer, Michael State of California
Fish, Richard Lawrence Berkeley Laboratories 510/4864850 rhfish@lbl.gov

I Flach, Helen USDA
Floumoy, Larry Upper Pit River Watershed Project (916) 233-4137
Flowers, Dale Dale Flowers & Associates 408/685-8225 408 685-3224 Idflowers@aoLcom
Foe, Chris Central Valley Regional Water Quality 916/255-3113 916/255-3015 chrisf.bptcpl .swrcb.ca.govI Fong, Bellory G. Department of Water Resources 916/4454640 916/322-0273
Ford, Steven Department of Water Resources 916/227-7534 916/227-7554
Forkel, David Delta Wetlands 510/283-4216 510/283-4028 deltawet@aol.com

I Forkey, Alan Natural Resources Conservation Servic (916) 9344601
Fowler, Amy Santa Clara Valley Water Distdct 4081265-2607 x2 916/264-0213
Fox, Phyllis Metropolitan Water District of Southern 510/843-1126 510/845-0983 phylisfox@aol.com

I Fox, Jennifer FL . FMC Corporation 916/757-6680 916/757-6974 jryderfox@aoLcom
Freedman Johnson, Leslie Nature Conservancy 415/777-0487 415/777-0244
Friehauf, Dana San Diego County Water Authority 619-297-0511
Fris, Mike US Fish and Wildlife ServiceI Fuller, Russell Antelope Valley-East AgenE. Kern Water 805/943-3201 805/943-3204
Fullerton, Dave CALFED Bay-Delta Program 657-2666 916/654-9780
Furrington, Anthony W RCRC 9161447-4906 rcrch20@wco.com

I Gaines, Bill California Waterfowl Association 9161648-1406 916/648-1665 cwa@soffcom.net
Garrick, J. Chris USDA, NRCS (209) 276-7494

I
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Monday, August 04. 1997

Phone Book

Name Organization Phone      FAX e-Mail Address
Gartrell, Greg Contra Costa Water Distdct 510/688-8000 510/688-8197
Gaston, John CH2MHill 510/251-2426 e 510/893-8205
Geiger, Jim State of California (916) 653-8286
Georgina, Sato US Forest Service-Modoc East Creek (916) 233-5811
Gibbs, Suzanne Big Chico Creek Task Force 9161342-3429 916/899-5105
Gilbert, Jerome B. 510/254-8863 510/253-1832
Giles, Robert Los Angeles Department of Water and 213/367-4211 213/367-3297
Goddzband, Lawrence State of California (916) 322-1080 (916) 445-0732
Golb, Rich Northern California Water Association
Comes, W University of California (510) 987-0060
Gool~l, Jay Western United Dairymen (209) 527-6453 527-0630
Gordon, Don Agricultural Council of California
Gore, Sharon Valley Water Protection (916) 343-0568
Gossett, Larry S. City of West Sacramento 916/373-5850
Graft, Thomas J. Environmental Defense Fund 5101658-8008 510/658-0630 tg@edf.org
Graig, Dan USDA (916) 498-5322
Gramith, Jill T. Metropolitan Water District of Southern 714/392-5069
Gray, James Western Crop Protection Association 9161568-3665
Gray, Jim Wester Crop Protection Association 9161568-3660 9161565-0113 jimgwcpa@ix.netcom.com
Gresham, Rich Placer County (916) 823-5504
Gdff’rth, Julie Sierra County Planning Dept. (916) 286-3201
Griggso Tom The Nature Conservancy (916) 826-0947
Grimes, Russ U.S. Bureau of Reclamation 209/487-5050 209/487-5130
Gmvhoug, Tom Sacramento River Watershed Program 916-753-6400 916-753-7030 Iwa@davis.com
Gutierrez, Roney Sand and Salt Creek Watershed Projec 916/458-2931 916/458-2765
Guy, David J. Califomia Farm Bureau Federation
Hackert, Bob California Rice Industry (916) 458-5206 ricedude@colusanet.com
Hall, Stephen Association of Califomia Water Agencie (916) 441-7893
Hailer, Tom Community Alliance with Family Farmer (916) 756-8518
Halverson Martin, Wendy CALFED Bay-Delta Program 916/657-2666 916/654-9780
Hamblin, Mark Yolo County Community Development. (916) 666-8156
Hanes, Toby Hydro Science (916) 757-1065
Harkin, Don Yuba Watershed Institute
Harris, Laura Bureau of Land Management (916) 233-4666
Hart, Raymond Department of Water Resources
Harthom, Allen California State University, Chico 916/898-4083 9161898-6781 aharthom@oavax.csuchico.edu
Hasey, Mavis EBC (510) 256-6377 (510) 256-9809
Hatfield, Susan USEPA Region 9 415/744-2017 415/744-1235 risler.palma@epamail.epa.gov
Hawkins, Elizabeth Chem Risk 510/748-5657 510/521-1547
Heath, Judy CALFED Bay-Delta Program
Height, Robert State of California (916) 574-1900
Heiman, Dennis Regional Water Quality Control Board (,916) 224-4851
Heltz, Clifford Natural Resources Conservation Servi (916) 823-6830
Hemmy, Patrick USDI
Herkert, Bob California Rice Industry Association 916/458-5206 9161458-5568 ricedude@aoLcom
Herrera, Steve Parsons Engineering Science 9161485-5913 9161483-3364 stephen_d_herrera@parsons.com
Hertle, John CARCD Area 4
Hildebrand, Alex 209/823-4166
Hinson, Diane M. Department Municipalof Utilities 2091937-8758 209/937-8708 dhinson@imreach.com
Hirsch, Steven P. Metropolitan Water District of Southern 916/650-2622 916/447-1508 shirsch@mwd.dst.ca.us
Hobabor, Tim Univ. of San Francisco, Tiberon Center 415/435-7100
Hoffman, Gary Department of Health Services
Holmgren, Sarah Montgomery Watson 916/921-3546 916/924-9102 sarah.holmgren@us.mw.com
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Phone Book
!

Name Organization Phone FAX e-Mail Address
Holt, Buford Bureau of Reclamation (916) 275-1554I Home, Wiley Metropolitan Water District of Southern
Howe, Carol Montgomery Watson 916/921-3509 916/924-9102 carol.howe@us.row.corn
Hultquist, Robert Technical Operations Section 916-445-5944 916-323-1382 bhultqui@hcol.cahwnet.gov

I Humiston, Glenda California Association of RCDs (916) 447-7237 (916) 447-2532
Humphreys, Rick State Water Resources Control Board 916/657-0759 x2 916/657-2388 rickh@bpkpl.swrcb.ca.gov
Hutton, Paul Department of Water Resources 9161653-5666 916/653-6077 hutton@dop.water.ca.gov

I lsom, Roger California Cotton Growers Association
James, Mary S. Sacramento Regional Wastewater Trea 916/875-9120 916/875-9049
James, Roger 510/631-7950 510/631-9885
Jaraczeski, Jeff Northern California Water Association 916/942-8333 916/942-4035I Jennings, William DeltaKeeper 209/464-5090 209/464-5174
Jensen, Cecilia T. Sacramento Regional County Sanitatio 9161875-9065 916/875-9067
Jerveson, Ron San Francisco Bay Regional Water Qu 510/286-1325 510/286-0928

I John, Pare Santa Clara Valley Water District 408/268-7687
Johns, Jerry State Water Resources Control Board
Johnson, Brenda UC Davis (916) 756-7069 (916) 752-3350

i Johnson, Ron SRWTP 916/875-9023
Johnson, Lance Westlands Water Distdct 209/241-6214 209/241-6278 wwdlwj@ix.netcom.com
Johnston, William R. Modesto Irrigation District 209/526-7384 209/526-7383 billj@mid.org
Jones, Dave Bureau of Engineering, Dept. PublicW 415-558-4528 415/558-4519

I Jones, Steven California Department of Forestry and F (916) 653-5121
Jones, Doug City of Stockton 209/937-8750 209/937-8708 none
Joyce, Larry Department of Water Resources 9161653-7213 916/653-9628 ’ljoyce@omhq.water.ca.gov

I Jung, Marvin Marvin Jung and Associates 9161929-0722 916/929-0722
Judck, Fred CA Dept. Fish & Game-Inland Fisheries (916)657-4226
Kaias, Greg Communities for a Better Environment

i Kapperdahl, Fred CA Dept Fish & Game (916) 355-7003
Karajeh, Fawzi Department of Water Resources 916/327-1828 916/327-1815 fkarajeh@water.ca.gov
Karkoski, Joe USEPA c/o SWRCB 9161654-3049 916/657-2388
Kelly, Dennis Ceba Geigy Corporation 916/783-1834 916/784-3505
Kennedy, David N. Department of Water Resources 916/653-7007 916/653-5028
Kennedy, Jon D U.S. Forest Service (916) 498-5323 (916) 491-2046
Kimball, Mike Sutter Yuba Mosquito & Vector Control (916) 674-5456
Kimmerer, William Univ. of San Francisco, Tiberon Center 415/435-7100
King, Laura US Bureau of Reclamation
Kje~son, Martin US Fish and Wildlife Service
Knox, Sue Deer Creek Conservancy
Kozelka, Peter 415/493-6887 kozelka@hydrogen.ucsc.edu
Krasner, Stuart W. Water Quality Division 714/392-5083 714/392-5246
Kratzer, Chaflie U.S. Geological Survey 916/278-3076 ckratzer@usgs.gov
Kremer, Dave USGS (916) 278-3093 dkremer@usgs.gov
Kuivila, Kathryn M. U.S. Geological Survey 916/978-4648 x3
Labonte, Julie San Francisco Water Dept.
Ladd, John CA State Water Resources Control Boa (916) 657-1016
Lang, Jordan
Lanier, Michael O. Alameda County Water Distdct 405/797-1970
Lanini, Sharon Califomia Women of Agriculture (408) 757-3651 753-2992
Larsen, Bobby
Laychak, Eugenta California Center for Public Dispute Re 916/444-2161 73130.3271@compuserve.corn

Lee, G. Fred G. Fred Lee & Associates 916/753-9630 916/753-9956
Lee, Randy Regional Water Quality Control Board 510/286-4224 5101286-9180
Lehman, Lee Suisun Resource Conservation District (707) 425-9302

Page: 5

C--031 404
(3-031404



Monday, August 04, 1997

Phone Book

Name Organization Phone FAX e-Mail Address
Leininger, Chris Deer Creek Conservancy
Letl, Dennis California Department of Water Resour 916/327-1764 916/327-1648
Linck, Ga~ State Wter Resources Control Board
Linden, Ron K.S. Water Quality Division, Department of 916/855-8320
Lipsitz, Keena Metropolitan Water District of Southern (916) 650-2670
Litwin, Yoram J. Ramlit Associates 510/841-1941 510/841-1972
Lombardi, Guido FSA State Committee
Longsdorf, Robert South Yuba River Citizens League (916)265-5961
Loop, Joseph A. Department of Public Works 916/3783-5850 916/371-1516
Lorenzato, Stefan State of California (916) 657-3222
louis, gall
Louis, Gall US Environmental Protection Agency 415-744-2019 415-744-1078 glouis@epamail.epa.gov
Lounsbuq/, Pete CARCD Area 7
Lozeau, Mike San Francisco Bay Keeper 415/5674141 415/567-9715 sfbaykeepe@aoLcom
Lyle, Dave Natural Resources Conservation Servic (916) 2334137
Lyons, Bill FSA State Committee
Macaulay, Steven C. State Water Contractors 9161447-7357
Maclar, Bruce United States (415) 744-1884
Macler, Bruce A. U.S. Environmental Protection Agency 415/744-1884 415/744-1235 macler.bruce@epamail.epa.gov
Majawsd, Mike USGS (916) 979-2609
Mangarella, Peter Woodward-Clyde 510/893-3600 510/874-3268 pamanga0@wcc.com
Mann, Maw Ann Water Quality Division 909/392-2912 9091392-2995
Mannion, Kathy Western Growers Association 9161446-1435 916/446-0181    mannion@wga.com
Marcus, Felicia United States (415) 744-1500 (916) 744-2499
Marshall, Dick Reclamation District #999 916/775-2144
Maurer, Tom US Fish and Wildlife Service 916/979-2110 916/979-2128 thomas_maurer@mail.fws.gov
Mazur, Linda Air Resources Board (916) 327-5630
McCall, Jacqueline City of Vacaville 7071449-6263 7071449-6260
McCallum, Larry Contra Costa Water District 5101688-8000 510/688-8197
McCann, Martin Jack Benjamin & Associates (415) 473-9955
McCaull, John National Audubon Society (916) 444-5557
McClanahan, Adeen Farm Bureau (916) 533-1473
McCormick, Steve Nature Conservancy 415/777-0487 415/777-0244
McDougald, Nell CARCD Area 9 (209) 822-2289
McEIhincy, Michael Natural Resources Conservation Servic (209) 892-6193
McEIhiney, Michael U.S. Department of Agriculture 209/569-0497 209/569-0102
McGahan, Joseph C. Summers Engineering, Inc. 209/582-9237 2091582-7632 76734.1116@compuserve.corn
McGuire, Michael J. McGuire Environmental Consultants, I 3101451-7471 310/451-7571
Meays, Mary Sierra Club wk:209/468-0337 209/468-3433
Mehan, Pat State of California (916) 322-1080
Meier, Markus Zeneca Ag Products 510/231-1314 510/231-1286
Menke, John California Native Grass Association
Metal, Gerald Planning & Conservation League 916/444-8726 916/448-1789
Mercurio, Unda Mining Remedial Recovery Company 916/244-7390; cp 916/244-2369 Imercurio@msn.com
Merz, John Sacramento River Preservation Trust (916) 345-1865
Meyer, Deanne UC Davis
Michael, Reid State of California (916) 657-0691 657-0691
Milea, Alexis California Department of Health Service 5101540o2177 510/540-2152
Miller, Candace Department of Pisticide Regulation (916) 324-4188 crniller@cdpr.ca.gov

Miller, BJ 510/644-1811 510/644-8278 bjmill@aol.com
Mills, John S. John S. Mills Consulting 209/532-0432 -v 209/532-0432 sixbit@sonnet.com
Mobley, Chris National Marine Fisheries
Monasmith, Steve Department of Civil Engineering 415/7234764 415/725-9720 monismith@ce.stanford.edu
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Moore, Dave Western Growers Association
Mordson, Jim USDI (916) 979-2830 979-2925
Moss, Dick Fdant Water Users
Mostin, Raymond CARCD Area 2 (707) 279-8205 263-0912
Mreys, Mary (209) 468-033?
Mumley, Thomas California Regional Water Quality Contr 5101286-0962 510/286-1380
Murphy, Donald State of California (916) 653-8380
Munill, Stephen S.D. Murfill & Co. 916/429-0650 916/429-0632 smurfill@ix.netcom.com
Nadar, Glenn UC Cooperative Extension-Lassen (916) 251-8133
Nader, Glenn Yolo Resource Conservation District (916) 662-2037
Nejedly, John Concened Citizens for Water Quality
Nelson, Barry Save San Francisco Bay Association 510/452-9261 510/452-9266 savesfbay@igc.opc.org
Nelson, Austin W. 510/937-2443 510/937-1956
Nelson, Daniel G. San Luis & Delta-Mendota Water Autho 209/8269696 2091826-9698
Nelson, Kent D. California Department of Water Resour
Newhart, Kaylynn Department of Pesticide Regulation (916) 324-4190 knewhart@cdpr.ca.gov
Nielsen, Don Natural Resources Conservation Servic (209) 674-2108
Nomellini, Dante J. Nomellini & Grilli
Notthoff, Ann Natural Resources Defense Council 415/777-0220 415/495-5996
Oblonsky, Sandy Santa Clare Valley Water District 408-927-0710 x2 408/268-7687
Odenweller, Dan B. Department of Fish and Game
Oey, Sylvia State of California (916) 323-1495
Ohlendorf, Han’y CH2MHill 9161920-0212 x2
OKeefe, Tim CARCD Area 5 (805) 466-8781 466-8781
Okey, Thomas Center for Madne Conservation 415/391-6204 415/956-7441
Okita, David Bo Sclano County Water Agency 707/451-2852 707/448-7347
Olsen, Jenna Sierra Club 510/450-1391 5101654-4936 jenna.olsen@sierraclub.org
Orth, David Westiands Water District 209/224-1523 209/224-1560
Ott, Ron CALFED Consultant Team 9161657-2666 9161654-9780 ronott@water.ce.gov
Ottmeller, Steve Westlands Water District
Ouradn~, Toni K (415) 885-5687 561-5464
Owen, Douglas M. Malcolm Pirnie, Inc. 6191431-0500 619/431-0691
Packard, Fran League of Women Voters 9161442-7215 916/442-7362
Paparian, Michael Sierra Club 4151977-5653
Parker, Harold CARCD (805) 649-9270 649-5475
Patterson, Roger USDI (916) 978-5135
Patterson, Dave Califomia Waterfowl Assoc. (916) 648-1406
Patton, Joan San Francisco Estuary Project 5101653-5723
Peltier, Jason Central Valley Project Water Associati 916/448-1638
Peterson, Wayne USDA
Peterson, Robert J. City of Napa 707/257-9520 7071257-9522
Peyton, Robert Universit~J of California, Davis (916) 754-9489
Phinney, Jonathan University of California, Berkeley (510) 643-0355 (510) 642-7483
Piccola, Frank CALFED Bay-Delta Program
Pinhey, Nicholas A. City of Trecy 2091831-4420 209/831-4430 none
Praul, Michael County of Napa 707/253-4351
Pretti, James Contra Costa Water District 5101688-8000 510/688-8197
Pdchard, Terry U.C. Davis Agricultural Extension 2091468-2085 2091462-5181 tcprichard@ucdavis.edu

Yolo Resource Conservation Di 916/662-2037 9161662-4876 74252.3677@compuserve.cornPye, Katy County
Quinn, Tim Metropolitan Water District of Southern 213/217-6950
Quinn, Nigel US Bureau of Reclamation/LBNL 9161979-2325 9161979-2450 nquinn@mp405a.mp.usbr.gov
Rae, Kemj U.S. Bureau of Reclamation 916/979-2477 9161979-2139 krae@ibr2gw80.mp.usbr.gov
Ramadan, Turan City of Napa, Water Division 707/257-9520 707/257-9522

I
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Ray, Witliam R. State Water Resources Control Board 916/657-1123
Rea, Maria US Environmental Protection Agency, 415/744-2005 415/744-1078
Read, Hershel USDA (916) 757-8215 (916) 757-8379
Rectenwald, Harry California Dept. of Fish & Game 9161225-2368 916/225-2381
Rector, John Ecosystem Restoration
Reents, Gary A. City of Sacramento 916/433-6633 916/433-6652/
Rentz, Mark California Forestry Association (916) 444-6592 (916) 444-0170
Reyna, Mike USDA (916) 668-2000 666-t470
Reynolds, Robin California Department of Food and Agri 9161654-0473 916/654-1018
Rhem, Nolan CalFed Bay-Delta Program 916/852-6166 9161853-1860 nrhem@ttsfo.com
Rhoads, Peter B. Metropolitan Water District of Southern 916/650-2620 916/447-1508 102167.3134@compuserve.corn
Ritchie, Steve San Francisco Water Dept. 415/554-1894
Roberts, John California Rice Industry Association (916) 923-5100 (916) 929-0732
Robison, John USDA
Roe, Dave Natural Resources Defense Council
Roefs, Theodore G. US Bureau of Reclamation 9161979-2278 9161979-2450 troefs@ibr2gw80.mp.usbr.gov
Rosenblum, Eric South Bay Water Recycling 408/232-0832 4081232-0842
Ross, Lisa California Department of Pesticide Reg (916) 324-4116 Iross@odpr.ca.gov
Rozumowicz, Becky Jones & Stokes Associates (916) 737-3000
Ruby, Armand Larry Walker Associates, Inc 916/753-6400 916/753-7030
Russick, Kathleen E. Brown and Caldwell 916/444-0123 9161856-527
Rustien, Russei Lake City Resource Conservation Distri (707) 994-6835
Ryder, Jennifer Fox FMC Corporation 916/757-6680 916/757-6974 jryderfox@aol.com
Sadler, Walter Boyle Engineering 916/483-7771 9161483-7999 wsadler@boyleengineering.com
Salazar, Doreen Carollo Engineers 9161565-4888 916/565-4880
Salzman, Barbara Marin Audobon Society 415/924-6057
Sanders, John Dept. of Pesticide Regulation 916/324-4024 916/324-4088 jsanders@odpr.ca.gov
Sanford, Roland Solano County Water Agency 707/451-2475 707/448-7347
Schafer, Jacquieline State of California (916) 653-7667 (916) 653-7387
Schafer, Karen Army Corps of Engineers (916) 557-4790 (916) 557-6877
Schlafrnan, Debra US Department of the Interior (916) 979-2085 979-2092
Schmidt Sudman, Rita Water Education Foundation 9161444-6240 916/448-7699 wateredfdn@aoLcom
Schmit, Ed Sugnet & Associations (916) 782-9100
Schmutte, Curt California Department of Water Resour 9161227-7567 916/227-7600 schmutte@cd.water.ca.gov
Schneider, Scott Kennedy/Jenks Consultants 916/362-3251 916/362-9915 scottschneider@kennedyjenks.com
Schramel, John CARCD Area 1 (916) 284-7954
Schuster, David David R. Schuster Consulting
Schwarzbach, Steven US Fish and Wildlife Service
Scott, Nadine CARCD Area 8
Sequeira, James G. City of Sacramento 9161433-6607 9161433-6652
Severeid, Mark City of West Sacramento (916) 371-6818 (916) 373-9727
Shank, Chades V. Lawrence Berkeley National Laboratory
Shanks, Robert F. County of Sacramento 916/552-8239 9161440-7100
Shannon, Walt State Water Resources Control Board 91 6/657-1027 916/657-2388
Sharp, David California Pork Producers (209) 688-2051 (209) 688-1111
Sheehan, Patdck Chem Risk 510/748-5603 510-521-1547
Sheikholeslami, All Santa Clara Valley Water District 408/927-0710 x2 408/268-7687
Short, Allen C. Modesto Irrigation District 2091526-7570
Shum, KT Contra Costa Water District 5101688-8083 510/688-8142 wrccdwd@ccnet.com
Simmons, Robert USDA (415) 744-3011 744-3170
Slotton, Darrel University of Califiornia at Davis 916/752-0353 916/752-3350
Smith, Lynda A. Legislative and Policy Development 2131217-6017 213/217-6949 Ismith@mwd.dst.ca.us
Smith, Tom Calcot, Ltd. (805) 327-5961 (805) 861-9870

Page: 8

C--031 407
C-031407



Monday, August 04. 1997

Phone Book

Name Organization Phone FAX e-Mail Address
Smith, Keith SRWTP 916/875-9245
Smith, Larry US Geological Survey
Smith, Ben Mokelumne River Project (209) 536-0813
Smythe, John USDA (916) 551-0801
Snow, Lester CALFED Bay-Delta Program
Soehren, Rick CALFED Bay-Delta Program 9161657-2666 916/654-9780 rsoehren@exec.water.ca.gov
Spath, David California Department of Health Service
Spezia, Mike Community Alliance with Family Farmer (916) 756-8518
Sprague, Lynn USDA (415) 705-2870 705-1109
Springer, Edn (707) 825-8020
Squillace, Paul U.S. Geological Survey 605/394-1780x23 pjsquill@usgs.gov
Standish-Lee, Perd Standish-Lee Consultants 916/652-0627 916/660-0217 p-standish-lee@msn.com
Standish-Lee, Peter CALFED Bay-Delta Program 916/854-2223 916/368-0967 pmstand0@wcc.com
Steele, Jane Urban Creeks Council
Steffani, Ed Stockton East Water District 209/948-0333 2091948-0423 sewd@woddnet.att.net
Stella, John (510) 658-8505 stella@nature.berkeley.edu
Stenback, Janine State of California (916) 653-5656
Stinson, Karl Alameda County Water District 510/659-1970 x5 510/656-3426
Stokely, Kim Adopt A Watershed 916/628-5334 9161628-4212 aaw@tcoe.trinity.k12.ca.us
Struckmeyer, William "Chip" FSA State Committee
Stuart, Bryan L. Dow Elanco, Western Regional Office 9161921-4803 9161921-0584 blstuart@dowelanco.com
Supkoff, David Department of Pesticide Regulation 916/324-4185 916/324-4088 dsupkoff@cdpr.ca.gov
Swendiman, Steve California State Association of County (916) 327-7500 (916) 441-5507
Tam, Lena East Bay Municipal Utility District
Tanaka, Ted Metropolitan Water Distdct of Southern
Tanji, Kenneth University of California 916/752-6540 916/752-5262
Tennis, Audrey 916/891-5580
Thomas, Jeanette Stockton East Water District 2091948-0537 209/948-0423 sewd@worldnet.att.net
Thomas, Lenore U.S. Bureau of Reclamation (916) 979-2282
Thompson, Bruce San Francisco Estuary Institute 510/238-9539 510/231-9414 brucet@sfei.org
Tibbott, Emily The I~’ature Conservancy (415) 777-0487
Tom, Raymond Calfomia Department of Water Resourc 9161327-1724 9161327-1648
Tompkins, David K. City of Vacaville 7071449-6263 7071449-6260
Torcbin, Marcia Metropolitan Water District of Southern 213/217-6951
Tour, Surjit National Resource Conservation Senti (916) 674-1461 stour@ca.nrcs.usda.gov
Trott, Chris (209) 984-4660 984-3398
Trctt, Ken State of California (916) 653-7643
Troyan, Jerry Sacramento Regional County Sanitatio 916/875-9144 9161875-9067
Trumbo, Joel Califomia Department ofFish and Cam 9161358-2952
Umbach, Ed USDA (909) 654-7733 654-3157
Unkel, Chris The Nature Conservancy (916) 449-2852 448-3469
Vail, N~ta State of California (916) 653-7643
Valentine, Stephanie (415) 744-1178 744-1078
Vedagiri, Usha EA Engineering Science Technology (510) 283-7077 ekv@eaeog.mhs.coompuserve.com
Veisze, Paul Department of Fish and Game (916) 323-1667 (916) 323-1431
Veneman, Ann State of California (916) 654-0433 (916) 654-0403
Verdll, Wayne Department of Water Resources 916/327-1667 916/327-1648 wverrill@water.ca.gov
Mink, Eric American Farmland Trust (916) 753-1073 (916) 753-1120
Vorpagel, Jane Department of Fish and Game (916) 225-2124
Vorsten, Peter The Bay Institute 415/721-7680 415/721-7497
Wadlow, Walter L Santa Clara Valley Water District 408/927-0710 408/268-7687
Wagenet, Donald W. Tetra Tech, Inc. 916/852-6166 916/853-1860
Walker, Bdan Kleinfelder, Inc. 916/383-8214 brian.walker@csus.edu
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Walker, Larry Larry Walker Associates (916) 753-6400 Iwa@davis.com
Wallberg, Jeanne S. Archibald & Wallberg Consultants 916/687-8322 9161687-8344
Walsh, Andrea Colusa Resource Conservation District (916) 458-2931
Ward, Walter Modesto Irrigation District 209-526-7459 209-526-7352 walterw@mid.org

I Ward Brodeur, Kfisten 916/758-7147 916/758-7144 kbrob154@udace.uri.edu
Washburn, Tim Sacramento Area Flood Control Agenc (916) 440-7606
Webb, David Shasta River Restoration Project (916) 926-2460

i Weldon, Dan Forest Landowners of California
Wendt, Phil California Department of Water Resour 916/327-1660 916/327-1648 pwendt@water.ca.gov
Wemer, Inge Sierra Club 916/759-8094 916/752-9692 iwemer@ucdavis.edu
Wemett, Frank California Dept. of Fish & Game 2091948-7800 2091946-6335 fwernett@delta.dfg.ca.gov

I Westcot, Dennis Central Valley Regional Water Quality 916/255-3087 916/255-3015
White, Wayne USDI
White, Charles R. California Department of Water Resour

I Wickizer, Doug State of California (209) 243-4117
Wiese, Paul W. Solano County Public Works Departme 7071429-6976
Wilber, Marden California Cattlemen’s Association (916) 44-0845 (916) 444-2194

i Williams, Dave City of Fresno (209) 498-1515 498-4228
Willis, Victoria S. City of Benicia 707/746-4338 707/745-1199
Wills, Leah Plumas County Community Developme (916) 283-2466
Wilson, Jay California Woolgrowers Association    (916) 444-8122 (916) 443-0601

I Winkler, Ed Metropolitan Water District of Southern
Winkler, Kad California Department of Water Resour 916/227-7566 916/322-7184
Wintemitz, Leo DWR Environmental Services Office 916/227-7548 916/227-7554 Iwintem@waterogov

I Winther, John Delta Wetlands 510/2834216 5101283-4028 deltawet@aol.com
Wirtel, Steve ADS Environmental Services 916/962-1115 916/962-1209 steve.wirtel@adsenv.com
Wold, Lawrence USDA

i Wolfe, Roy Metropolitan Water District of Southern 213/217-6241 213/217-6951
Wood, Richard L City of Fairfield 7071428-7481
Woodard, Richard P. CalFed Bay-Delta Program 916/653-5422 916/653-9745 rwoodard@water.ca.gov
Wyatt, David CA Dept. of Transportation . (916) 324-6634

I Yaeger, Steve CalFed Bay-Delta Program 916/657-2666 9161654-9780
Yamamoto, Gan~ H. Califomia Department of Health Service 213/620-2980
Yardas, David Environmental Defense Fund 510/658-8008

I Yee, Sue State of California (916) 653-5656
Young, Greg CaIFed Bay-Delta Program 916/657-2666 916/654-9780 gyourtg@ch2m.corn
Young, Terd Environmental Defense Fund 510/658-8008 510/658-0630 tfy@edf.org

i Zanger, Joe FSA State Committee
Ziegter, Sam U.S. Evnironmental Protection Agency, 415/744-1990 415/744-1078 zieglerosam@epamaiLepa.gov
Zogorski, John S. U.S. Geological Survey 605/394-1780x21 jszogors@usgs.gov
Zone, Martin Plumas County Community Developme

I Zuckerman, Tom Feldman Waldman & Kline

I
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WATER QUALITY AND SEDIMENT DATA AT VARIOUS DELTA
LOCATIONS

Following are minimum, maxaimum, mean and standard deviation values for water
quality and sediment data from monitoring locations throughout the Delta. This data was
compiled from the following sources. This data will be used in the PEIS to compare
change in parameters of concern at various points in the Delta due to different alternative
configurations.

Sources for Water Quality Data

San Francisco Estuary Institute, Annual Reports 1993 through 1995.

USGS data collected on Sac R. @ Freeport. Data was obtained from their web page.

Sacramento Coordinated Water Quality Monitoring Program 1995 Annual Report

DWR Municipal Water Quality Investigations Program. Data generated by this program
was supplied by Collette Zemitis of DWR-DLA.

Sources for Sediment Data

DWR Interim North and South Delta Programs

Environmental Study for the Interim South Delta Program: Water, Sediment, and Soil
Quality, DWR-DLA, 5/94

Water and Sediment Quality Study for the Interim South Delta Program, DWR 5/95

Environmental Study of Dredged Materials in Old River, Interim South Delta Program,
DWIL, 5/97

Environmental Study for the Staten Island SRAH Test Project Phase II, Water Sediment
and Soil Quality Report, 8/94

Environmental Study for the Interim North Delta Program, Water Sediment and Soil
Quality, DWR 5/95

Reports and data supplied by Collette Zemitis of DWR-DLA

San Francisco Estuary Institute, Annual Reports 1993 through 1995.

!
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WATER QUALITY MONITORING LOCATIONS

North Bay

8 BOUNDARY

Northern Delta

~.outhem Delta

WesternDelta

!



Monitoring Agency or
Station No. Location Program Station Name

1 Outside delta CMP Nimbus
2 Outside delta DWR American River WTP
3 Outside delta CMP Discovery Park
4 Outside delta DWR Sacramento River @ W. Sac Intake
5 Outside delta CMP Sacramento River @ Veterans Bridge (outside map area)
6 Northern Delta CMP Sacramento R~ver @ Freeport Marina
6 Northern Delta USGS Sacramento River @ Freeport Marina
7 Northern Delta CMP Sacramento River Mile 44
g North Bay DWR Barker SI. @ North Bay PP
9 Northern Delta DWR Delta Cross Channel nr Walnut Grove
I0 Northern Delta DWR Georgiana S1. @ Walnut Grove Bridge
11 Northern Delta DWR Sacramento River @ Rio Vista Bridge
12 Northern Delta DWR Mokelumne P,.. below Georgiana SI.
13 Central and Southern Delta DWR Little Potato S1. @ Terminous
14 Western Delta SFEI Pacheco Creek (outside area map)
15 Western Delta SFEI Grizzly Bay
16 Western Delta SFEI Honker Bay
17 Western Delta DWR Sacramento River @ Mallard Island
18 Northern Delta SFEI Sacramento River @ Collinsville
19 Central and Southern Delta SFEI San Joaquin River @ Antioch
20 Central and Southern Delta DWR San Joaquin River @ Jersey Point
21 Central and Southern Delta DWR Little Connection SI. @ Empire Tract
22 Central and Southern Delta DWR Middle R. nr Latham SI.
23 Central and Southern Delta DWR Connection S1. @ Mandeville Is. Bridge
24 Central and Southern Delta D’WR Contra Costa PP #01
25 Central and Southern Delta DWR Old R. N/O Rock SI. (St 4b)
26 Central and Southern Delta DWR Rock SI. @ Old R.
27 Central and Southern Delta DWR Middle R. @ Bacon Is. Br.
28 Central and Southern Delta DWR Santa Fe-Bacon Is. Cut nr Old R.
29 Central and Southern Delta DWR Woodward/N. Victoria Canal nr Old R.
30 Central and Southern Delta DWR Middle R. @BordenHwy
31 Central and Southern Delta DWR Old R. nr Byron (St 9)
32 Central and Southern Delta DWR North Canal nr Old R.
33 Central and Southern Delta DWR Middle R. @ Mowry Br.
34 Central and Southern Delta DWR Clifton Court Intake
35 Central and Southern Delta DWR West Canal @ Clifton Court FB Intake
36 Central and Southern Delta DWR Old R. 6/10 mile below DMC intake
37 SWP DWR Delta PP Headworks
38 CVP DWK DMC Intake @ Lindemann Rd
39 Central and Southern Delta DWR Grant Line/FabialurBell Canals nr Old 1L
40 Central and Southern Delta DWI~ Old K. U/S from DMC Intake
41 Central and Southern Delta DWR, Grant Line Can @ Tracy Rd Br.
42 Central and Southern Delta DWR Old R. nr Tracy
43 Central and Southern Delta DWR San Joaquin R. @ Mossdale Br.
44 Central and Southern Delta DWR San Joaquin R. nr Vernalis
44 Central and Southern Delta USGS San Joaquin R. nr Vernalis
45 Northern Delta DWR Sacramento R. at Greene, s Landing

C--031 447
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DISSOLVED ORGANIC CARBON
Station Standard

Form      Unit              Area            Number             Station Name             Record Period Count     Min     Max    Mean Deviation
Start End

mg/L Central and Southern Delta 13 Little Potato SI. @ Termlnous 1988 1994 49 1.6 8.90 2.85 1.22
mg/L Central and Southern Della 20 San Joaquin R. @ Jersey Point 1990 1994 77 1.9 6.20 3.12 0.96
mg/L Central and Southern Delta 21 Little Connection $1. @ Empire Tr. t986 1994 68 1.2 10.90 3.38 1.61
mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 2.3 9.10 3.91 1.22
mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1990 1994 66 2.2 9.40 3.34 1.26
mg/L Central and Southern Delta 26 Rock S1. @ Old R. 1986 1994 126 I.l 9.20 3.32 0.99
mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1990 1994 99 2.3 11.30 4.26 1.44
mg/L Central and Southern Della 28 Santa Fe-Bacon Is. Cut nr Old R. 1990 1994 61 2.4 30.00 4.01 2.03
mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nrOld R. 1990 1994 60 2.4 8.10 3.85 1.21
mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy ¯ 1986 1996 796 2.3 16.10 4.87 1.33
mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1990 1996 106 2.3 11.00 3.80 IA9
mg/L Central and Southern Delta 32 North Canal nr Old R. 1990 1994 62 2.4 8.10 4.07 1.09
mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1990 1994 26 2.6 10.3 3.92 1.41
mg/L Central and Southern Delta 34 Clifton Court Intake 1986 1994 99 2.1 8.6 3.81 0.92
mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1990 1994 68 2.3 I0.00 4.13 1.30
mg/L Central and Southern Della 36 Old R. 6/10 mile below DMC intake 1990 1994 55 2.5 9.60 4.10 0.82
mg/L Central and Southern Delta 37 Delta PP Headworks 1986 1996 422 1.6 10.50 3.65 1.07
mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1986. 1996 188 1.9 11.00 3.92 1.02
mg/L Central and Southern Delta 39 Grant Line/Fabian/Ball Canals nr Old R. 1990 1994 57 2.6 I0.00 3.94 0.91
mg/L Central and Southern Delta 40 Old R. UIS from DMC Intake 1990 1994 60 2.4 10.00 3.94 0.91
mg/L Central and Southern Delta 41 Grant Line Can @ Traey Rd Br. 1990 1994 23 2.6 10.80 4.14 lAB
mg/L Central and Southern Delta 42 Old R. nr Tracy 1990 1994 26 2.8 10.40 4.36 1.26
mg/L Central and Southern Della 43 San Joaquin R. @ Mossdale Br. 1990 1996 59 2.1 10.60 3.58 1.29
mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1986 1996 135 1A 11 A0 3.81 1.25
mg/L North Bay 8 Barker SI. @ North Bay PP 1988 1996 204 2.8 23.50 5.06 2.60
mg/L Northern Delta 6 Sacramento R. @ Freeport Marina- USGS1973 1995 14 1.4 4.9 3.01 1.06
mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1990 1994 22 1.4 6.90 2.25 0.92
mg/L Northern Delta I0 Georgiana SI. @ Walnut Grove Bridge 1990 1994 23 !.5 4.90 2.27 0.64
mg/L Northern Delta ! 1 Sacramento R. @ Rio Vista Bridge 1988 1994 129 1.4 6.90 2.51 0.89
mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 !.4 6.00 2.20 0.77
mg/L. NorthemDelta 45 SacramentoR. @ GreenesLandlng 1986 1996 1232 1.4 13.60 2.47 0.86
mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1986 1996 171 0.8 12.10 2.77 1.04



TEMPF.RATURP.
Station                                                                                       S~andard

Form     Unit              Area            Number             Station Name             Record Period Count    Min     Max     Mean Deviation
Fad

C̄ Central and Southern Delta 13 Little Potato SI. @ Tcrminous 1989 1992 9 7.1 23.80 17.91 4.02
"C Central and Soulhcm Delta 19 San Joaquin River @ Antioch 1994 1996 8 ! I.I 23.30 16.94 5.09
° C Central and Southm’n Deltn 20 San Joaquin R. @ Jersey Point 1990 1995 72 6 23,10 17.48 4.94
¯ C Central and Southern Delta 21 Little Connection SI. @ Empire Tract 1990 1996 1247 1.5 28.90 14.77 5.37
° C Central and Southern Delta 22 Middle g. nr Latham SI, 1985 1996 820 3.4 26.60 16.35 5.45
¯ C Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1983 1994 137 6.5 27.00 17.67 5.20
C̄ Central and Southern Delta 24 Contra Costa PP no i 1990 1996 90 6.6 27 18.16 4.51

¯ C Cen~ra| and Southern Delta 25 Old R. we Rock SI. (St 4b) 1989 1994 55 5.4 26.3 19.88 5.21
° C Central and Southern Delta 26 Rock SI. @ Old R. 1989 1994 29 6.7 25.90 18.41 6.71
¯ C Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 86 6.9 25.10 17.27 5.36
C̄ Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 104 5.3 26.00 19.20 5.86

¯ C Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1904 61 5.4 31.90 19.60 6.16
C̄ Central and Southern Delta 30 Middle R. @ Borden Hwy 1988 1994 49 6.6 25.20 18.09 5.80

¯ C Central and Southern Delta 3 i Old R. nr Byron (St 9) 1989 1994 55 5.5 25.70 19.90 4.02
"C Central and Southern Delta 32 North Canal nr Old R. 1990 1994 23 7.1 25.50 18.50 5.39
¯ C Central and Southern Delta 33 Middle R. @ Mowry Br. 1985 1996 181 7.4 25.50 17.39 4.42
C̄ Central and Southern Delta 34 Clifton Court Intake 1988 1996 209 6.3 28.20 18.17 4.71

¯ C Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1996 229 5.6 26.40 16.60 4.78
° C Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 94 7.2 28.00 19.42 5.37
¯ C Central and Southern Delta 37 Delta PP Headworks 1989 1994 22 7,8 24.60 18.45 4.61
¯C Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 277 "6.4 26.20 17.34 5,20
¯ C Central and Southern Delta 39 Grant Line/Fabian/Bell Canals m" Old R. 1989 1994 51 5.4 26.30 19.95 5.27
¯C Central and Southern Delta 40 Old R. UIS from DMC Intake 1989 1994 55 5.5 ¯ 26.30 20.33 4.30

¯ C Central and Southern Delta 41 Grant Line Can @ Tracy Rd. Br. 1989 1994 25 7.5 27.10 18.77 6.69

C̄ Central and Southern Delta 42 Old R. nr Tracy 1990 1994 49 5.4 26.10 19.88 5.02
" C Central and Southern Delta 43 San Joaquln R. @ Mossdale Br. 1989 1996 63 6.5 26.30 17.64 5.08
¯C Central and Sou~ern Delta 44 San Joaquin R. m" Vemalls 1989 1994 60 5.1 24.90 18.78 5.22

"C North Bay 8 Barker SI. @ North Bay PP 1983 1996 510 4.7 30,50 17.92 5,11

C̄ Northern Delta 6 Sacramento River @ Freeport Marina - CMP1992 1996 45 6.2 23.1 14.49
¯ C Northern Delta 6 Sacramento River @ Freeport Marina - USG.1973 1995 940 6 25.00 15.11 4.99
"C Notlhern Delta 7 Sacramento River Mile 44 1992 1996 53 7.16 22.40 14.43
¯ C Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 10 6.5 23.80 18.37 3.84
C̄ Northern Delta !0 Georgiana SI. @ Walnut Grove Bridge 1989 1994 23 7.7 24.90 17.67 5.17

¯ C Not, them Delta I 1 Sacramento R. @ Rio Vista Br. 1989 1994 55 5.3 25.50 19.60 4.10
C̄ Northern Delta 12 Mokelumne R. below Georgiana SI. 1989 1994 27 6.8 26.20 18.79 6.10

"C Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 I0.1 21.50 15.48 5.18
C̄ Northern Delta 18 Sacramento R. @ Mallard Is. 1989 1~)4 118 7.7 26.20 17.54 4.79

¯ C Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1994 160 5.1 26 17.98 5.42
C̄ Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 I l 21.30 16.00 4.13

¯ C Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 10.6 21.50 15.33 4.49
¯C Western Delta 16 Honker Bay 1994 1996 6 10.5 22.00 15.80 5.26



TURBIDITY
Station Standard

Form Unit Area Number Station Name Record Period Count Min Max Mean Deviation
Start End

Hach. mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 50 3 48.00 8.68 4.76
Field mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1989 1992 12 2 10.00 6.17 2.19
Hach. mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 79 3 76.00 ! 1.99 8.10
Field mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1995 79 3 76.00 11.99 8.10
Hach. mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1985 1994 86 3 38.00 6.95 3.81
Field mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tract 1990 1996 206 l 100 13.68 12.64
Hach. mg/L Central and Southern Delta 22 Middle R. nr L@ham SI. 1989 1992 12 2 10 6.17 2.19
Field mg/L Central and Southern Delta 22 Middl~ R. nr Latham Sl. 1985 1996 169 3 36.00 9.23 3.57
Hach. mg/L Central and Southern Delta 23 Connection Sl. @ Mandeville Is. Bridge 1989 1992 12 2 10.00 6.33 2.07
Field mg/L Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1983 1994 139 2 28.00 l 1.14 4.75
Hach. mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 75 0 21.00 7.23 3.34
Field mg/L Central and Southern Delta 24 Contra Costa PP no I 1990 1996 81 2 21.00 7.82 3.56
Hach. mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 66 2 23.00 6.44 3.26
Field mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 64 3 14,00 6.70 2.21
Hach. mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1983 1994 169 2 23.00 8.66 3.96 tl~
Field mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1989 1994 27 6 60.00 17.93 7.64 W
Hath. mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 100 2 21.00 6.47 2.70
Field mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 86 3 38.00 6.95 3.81 ’~-
Hach. mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 62 2 14.00 6.03 1.47 �0
Field mg/L Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 94 2 76.00 9.73 6.15
Hach. mg/L Central and Southern Delta 29 WoodwardiN. Victoria Canal nr Old R. 1989 1994 62 0 13.00 6.16 1.62 ~

Field mg/L Central and Southern Delta 29 WoodwardRq. Victoria Canal nr Old R. 1989 1994 69 3 25.00 9.97 4.30 I
Hach. mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1985 1996 170 3 36.00 9.12 3.56 O
Field mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1988 1994 50 3 48.00 8.68 4.76
Hach. mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 94 2 28.00 8.56 3.81
Field mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 61 2 13.00 6.26 1.57
Hach. mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 64 3 14 6.70 2.21
Field mg/L Central and Southern Delta 32 North Canal nr Old R. 1990 1994 24 3 44 8.96 5.36
Hach. mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 27 4 44 18.74 9.13
Field mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1985 1996 180 4 84 20.59 10.29
Hach. mg/L Central and Southern Delta 34 Clifton Court Intake 1983 1994 139 2 28 I 1.14 4.75
Field mg/L Central and Southern Delta 34 Clifton Court Intake 1988 1996 123 9 180 30.75 19.61
Hach. mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 69 3 25 9.97 4.30
Field mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 ,1996 161 3 160 22.66 14.55
Hach. mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 56 3 30 10.54 4.70
Field mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 100 2 21 6.47 2.70
14ach. mg/L Central and Southern Delta 37 Delta PP Headworks 1983 1996 225 2 37 10.16 6.21
Field mg/L Central and Southern Delta 37 Delta PP Headworks 1989 1994 23 3 26 7.09 4.24
Hnch. mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1983 1996 217 3 76 14.02 6.62



Field mg/L Central an~J Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 224 3 305 16.27 11.72
Hach. mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 58 3 31 11.59 5.78
Field mg/L Central and Southern Delta 39 Grant LineJFabian/Bell Canals nr Old R. 1989 1994 58 3 31 11.59 5.78
Hach. mg/L Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 62 4 34 11.00 4.26
Field mg/L " Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 62 4 34 11.00 4.26
Hach. mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 " 24 8 52 17.29 8.00
Field mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd. Br. 1989 1994 24 8 52 17.29 g.00
Hach. mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 27 6 60 17.93 7.64
Field mg/L Central and Southern Delta 42 Old R. m’Tracy 1990 1994 56 3 30 I0.54 4.70
Hach. mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 54 4 200 22.17 16.37
Field mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 56 4 248 27.59 22.96
Hach. mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1983 1996 160 3 160 21.71 14.14
Field mg/L Central and Southern Delta 44 San Joaquln R. nr Vernalls 1989 1994 66 2 23 6.44 3.26
Hach. mg/L North Bay 8 Barker SI. @ North Bay PP 1988 1996 105 9 180.00 27.28 22.10
Field mg/L North Bay 8 Barker SI. @ North Bay PP 1983 1996 232 2 37.00 I0.27 6.35

jtu Northern Delta 6 Sacramento R. @ Freeport Marina- USGS 1973 1995 22 1 70 17.18 15.22
ntu Northern Delta 6 Sacramento R. @ Freeport Marina- uses 1973 1995 597 1 280.00 21.06 27.77

Hach. mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 3 26.00 7.09 4.24
Field mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 12 2 ! 0.00 6.33 2.07
Hach. mg/L Northern Delta 10 Georglana SI. @ Walnut Grove Bridge 1989 1994 24 3 30.00 7.25 4.29
Field mg/L Northern Delta I0 Oeorgiana SI. @ Walnut Grove Bridge 1989 1994 24 3 30.00 7.25 4.29
Hach. mg/L Northern Delta 11 Sacramento R. @ Rio Vista Bridge 1988 1994 131 0 116.00 14.35 10.94
Field mg]L Northern Delta 11 Sacramento R. @ Rio Vista Br. 1989 1994 62 2 14.00 6.03 1.47
Hach. mg]L Northern Delta 12 Mokelumne R. below Oeorglana SI. 1990 1994 24 3 44.00 8.96 5.36
Field mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1989 1994 27 4 44.00 18.74 9.13
Field mg/L Northern Delta 18 Sacramento R. @ Mallard Is. 1989 1994 126 4 116.00 14.51 12.03
Hach. mg/L Northern Delta 45 Sacramento R. @ Oreenes Landing 1983 1996 191 1 100 12.04 i 1.87
Field mg/L Northern Delta 45 Sacramento R. @ Oreenes Landing 1983 1994 169 2 23.00 8.66 3.96
Hach. mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1985 1996 172 4 84.00 19.69 9.92



DISSOLVED OXYGEN
Station Standard

Form      Unit              Area            Number             Station Name             Record Period Count    Min     Max     Mean I~viation
~d

m~ Cen~I ~d Southern Delta 13 Utile Potato SI. @ Te~nous 1989 [~2 6 72 10fl0 8.45 0.91

m~ ~al ~ S~ D~It~ I 9 San Joaquln River @ Anfl~h 1994 I ~6 5 8 9.~ 9.I 3 0.76
m~L Central and Sout~m Delta 20 San Joaquin R. @ Jc~y Point 19~ 1995 67 6.3 I I.~ 8.71 I.~
m~L Cen~al and Soutbem Delta 21 ~tl¢ Connection SI. @ Empire T~ct 19~ I~6 226 5.6 13.10 9.30 1.39
m~L C~al ~d Sou~em Delta 22 Middle R. nr ~am SI. 1985 1996 170 4.6 12.10 8.58 1.36
m~L C~a[ ~d Sou~em Delta 23 Conn~tion SI. @ Mandevili¢ Is. Bddg¢ 1983 1~4 132 4.8 12.~ 8.?0 1.44

m~L Cen~al a~ Sou~em Dcl{a 24 Conga Costa PP no I 19~ 1996 87 6.38 13.2 8.74 1.37
m~L Cen~l and Sou~em Delta 25 Old R. N/O R~k SI. (St 4b) 1989 1994 49 6 I 1.6 7.87 1.21
m~L Centnl ~d Sou~ Delta 26 R~k SI. @ Old R. 1989 1994 29 5.9 I I.I0 8.26 1.37

m~L Ceni~l and Southern Delta 27 Middle R. @ Bacon is. Br. 1985 1994 84 5.1 I 1.30 8.62 1.13

m~L C~aI and Southern Del[a 28 S~[a Re-Bacon Is. Cut nr Old R. 1989 1996 96 6.4 20.~ 8.44 1.51

m~L Cen~al and Sou~m D~Ita 29 W~w~. Victoria C~al nr Old R. 1989 1994 53 6.2 11.80 8.~ i.25
m~L C~ffal ~d Southe~ Delta 30 Middle R. @ Borden Hwy [988 [994 42 6.8 11.g0 8.68 ~ .~
m~L CenWai ~d Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 48 6.3 I 1.~ 7.98 1.12
m~L Ccnl~l and Southern Delta 32 North Canal nr Old R. 19~ 1994 22 6.6 I0.~ 8.55 1.02
m~L Central ~d Southern Delta 33 Middle R. @ Mow~ Br. 1985 1996 175 5 12.~ 9.01 1.24

m~ Cen~al ~d Sou~em Delta 34 Cli~on Coug lnt~e 1988 1996 126 33 12.20 8.22 1.36
m~L Cen~al ~d Southe~ Delta 35 W~t Canal @ Clifton Cou~ FB ln~e 1989 1996 221 1.9 8830 8.99 1.~
m~L C~I ~ Sou~�~ ~lta 36 Old R. &lO mile ~low DMC intake 1989 1~4 89 4.5 11.30 8.19 1.29
m~L Cen~l ~d Sou~ ~lta 37 Delta PP Headwor~ 1989 1994 21 6.5 10.40 8.32 0.97
m~L Cen~l ~d Southe~ Delta 38 DMC Intake @ Lindemann Rd 19~ 1996 263 4.6 12.40 8.63 1.36
m~L Cen~al ~d Southe~ Delta 39 G~nt ~n~abi~B¢ll C~als ~ Old R. 1989 1994 45 5.9 ! 3.~ 7.~ 1.47
m~L Cen~al ~d Sou~em Delta 40 Old R. UIS from DMC In~ke 1989 1994 48 5.4 12.~ 7.~ 1.27

m~ Cent! ~d South~ Delta 41 Gnnt Line C~ @ Tracy Rd. Br. 1989 ! 994 25 5.7 10.90 8.34 1.46

m~ Cent! ~d Sou~em Delta 42 Old R. nr Trncy 19~ !~4 44 6.3 11.~ 7.88 1.33
m~L Cen~l ~ Sou~m Delta 43 S~ Jo~uin R. @ Mossdale Br. 1989 1~6 61 6.9 1 !.~ 8.86 1.05
m~L CenVal and Southern Delta ~ San Joaquin R. nr Vemalis 1989 !~4 54 63 12.10 8.41 1.19
m~L Ho~ Bay 8 B~ker SI. @ NoAh Bay PP 1983 1996 265 4.7 12.~ 8.87 1.36
m~L NoAh¢m Delta 6 Sacramento River @ Fr~A M~na - CMP1992 1996 42 7.9 11.87
m~L Nodbem Del~ 6 Sacnm¢nto River @ F~e~ M~na - USG.1973 1995 284 7.2 13.50 9.66 1.14
m~L No~em Delta 7 Sacr~ento River Mile ~ 1992 1~6 51 ~.59 11.80 9.~

m~ N0~hem Delta 9 Delta Cro~ ~n¢l nr Walnut Grove 1989 1992 6 7.4 9.80 8.48 0.72
m~L NoAhem Delta 10 Georgi~a SI. @ Walnut Grove B~dge 1989 1994 22 5.4 10.80 8.23 0.~
m~L Northern Delta I 1 Snc~mento R. @ Rio Vista Br. 1989 1994 49 6 i 1.80 8.~ l.! I
m~L No~bem Delta 12 Mokelumne R. ~low Georgi~a SI. 1989 1994 27 6.3 12.~ 8.92 1.10

m~L Northern Delta 18 Sacramento River @ Collinsvill¢ 1994 1996 5 8 10.~ 9.18 0.92
m~L No~em Delta 18 Sacramento R. @ Mailed Is. 1989 1~4 111 6.3 12.40 8.82 1.33
m~L No,hem Delta 45 Sacramento R. @ G~en~ ~lng 1983 1994 151 6.1 13.2 8.81 1.39

m~L W~tem ~lla 14 Pach~o C~¢k (ou~ide ~ea map) 1994 1996 5 7.8 I 1.10 9.61 1.22
mgL W~tem ~1~ 15 Grizzly Bay (ou~id¢ map a~a) 1~4 1~)6 5 8.6 10.50 9.68 0.79
m~L W~m ~lta 16 H~ker Bay 1994 1996 3 8. I I 0.~ 9.33 1.07



AMMONIA
Station Standard

Form       Unit              Area            Number             Station Name             Record Period Count     Min     Max     Mcan Deviation
Start End

uM Central and Southern Delta 19 San Joaquin R. @ Antioch 1994 1996 8 1.90 9.’/0 4.30 2.93
Total mg/l., Northern Delta 6 Sacramento Ro @ Freeport Marina - USGS 1973 1995 72 0.01 0.49 0.09 0.09

uM Northern Delta 18 Sacramento R, @ Colllnsville 1994 1996 8 2.17 13.70 5.35 4.03
Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1991 1996 12 0.00 0.47 0.21 0.04

uM We, stem Delta ~ 14 Pacheco Creek (outside area map) 1994 1996 8 2.10 10.20 5.41 3.01
uM Western Delta 15 GHzzly Bay (outside map area) 1994 1996 8 0.90 9.49 4.49 3.41
uM We, stem Delta 16 Honker Bay 1994 1996 6 1.60 9.50 4.12 3.37



NITRATE
Station Standard

Form            Unit             Area           Number            Station Name            Record Period Count    Min     Max    Mean Deviation
Start End

Nitrogen, Dissolved mg/L Central and Southern Delta 13 Little Potato SI. @ Tenninous 1990 1992 13 1.3 5.10 2.84 0.94
uM Central and Southern Delta 19 Smt .loaquln R. @ Antioch 1990 1991 8 12.1 40.60 25.45 1 !.05

Nitrosen, Dissolved rag/L, Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1990 1992 13 1.3 7.30 3.06 1.29
Nitrogen. Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #O1 1991 1996 16 0.08 I0.00 2.30 0.74
Nitrogen. Dissolved rag/L, Centrnl and Southern Delta 27 Middle R. @ Bacon Is. Br. 1990 1992 22 1.2 8.30 3.63 1.64
Nitrogen, Dissolved mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1990 1992 27 !.4 7.20 3,56 1.49
Nitrogen. Dissolved mg/l., Central and Southern Delta 31 Old R. nr Byron (St 9) 1990 1996 15 0.25 4.10 1.80 0.55
Nitrogen. Dissolved mg/L Central and Southern Delta 33 Middle R. @ MowP! Br. 1990 1992 l I 3.7 9.9 5.88 1.91
Nitrogen. Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1990 1996 38 0.23 7.9 3.11 I.I0
Nitrogen. Dlssolved mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 37 0.57 9.60 3.80 1.41
Nitrogen. Dissolved mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1990 1992 12 1.9 17.00 9.04 3.75
Nitrogen. Dissolved mg/L Central and Southern Delta 42 Old R. nrTracy 1990 1992 15 0.8 18.00 9.73 5.56
Nitrogen. Dissolved mgJL Central and Southern Delta 43 San ,loaquin R. @ Mossdale Br. 1990 1996 17 0 15.00 7.17 3.26
Nitrogen. Dissolved rag/L, Central and Southern Delta 44 San Joaquin R. nr Vemalis - DWR 1990 1992 33 2.8 16.00 8.52 2.13
Nitrogen. Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1990 1996 32 0.06 8.80 2.31 I.I0
Total Nitrogen mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 167 0.15 38 0.84 2.91
Hitrat~ and Nitrite. Disso|ved mg/L Northern Delta 6 Sacramento R. @ Freeport Marlna- USGS 1973 1995 116 0.04 0.47 0.15 0.08
Nitrogen. Dissolved mg/L Northern Delta 9 Delta Cross Channel m" Walnut Grove 1990 1992 I I I 4.90 2.47 1.04
Nitrogen. Dissolved mg/L Northern Delta IO Gcorgiana SI. @ Walnut Grove Bridge I~.,~O 1992 12 I 5.30 2.49 1.06
Nitrogen. Dissolved mglL Northern Della I I Sacramento R. @ Rio Vista Bridge 1990 1992 26 I.I 5.60 2.97 0.94
Nitrogen. Dissolved mg/l. Nortbem Della 12 Mokelumne R. below Georgiana SI. 1990 1992 11 1.3 3.00 2,31 0.41

uM Northern Delta 18 Sacramento R. @ Collinsville 1994 1996 8 8.7 35.41 21.94 9.65
Hltrogen. Dissolved mg/L Northern Delta 45 Sacramento R. @ Grcenes Landing 1990 1992 32 0.5 7.70 3.00 1.43

uM Western Delta 14 Pacheco Crc~k (outside ar~a map) 1994 1996 8 I 1.8 34.80 26.04 8.92
uM Western Delta 15 Grizzly Bay (outside map area) 1990 1991 8 10.9 34.40 25.33 8.43
uM Western Delta 16 Honker Bay 1994 1996 6 8.5 34.20 22.05 9.40

Nitrogen. Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1990 1992 25 1.2 4.40 2.36 0.74



PHOSPHATE
Station Standard

Form          Unit              Area            Number             Station Name             Record Period Count    Min     Max     Mean Deviation
Start End

uM Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 1.8 3.07. 2.33 0.43
Total Phosphorus mg/L Northern Delta 6 Sacramento River @ Freeport Marina- USG. 1973 1995 192 0.01 0.54 0.I0 0.07

uM Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 I.I 3.40 2.27 0.77
uM Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 !.6 12.80 3.96 3.67
uM We.stem Delta 15 Grizzly Bay (outside map area) 1994 1996 8 1.6 I0.80 3.70 2.98
uM Western Delta 16 Honker Bay 1994 1996 6 1.4 7.20 3.02 2.17



pH
Station                                                                             Standard

Form Unit Area Number Station Hame Record Period Count Min Max Mean Deviation
Start End

Central and Southern Delta 13 Little Potato SI. @ Termlnous 1989 1992 8 7.1 8.10 7.54 0.25
Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 7.5 8.00 7.71 0.16
Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1995 71 7 8.80 7.66 0.35
Central and Southern Delta 21 Little Connection SI. @ Empire Tract 1990 1996 235 6.1 118.00 7.91 2.65
Central and Southern Dedta 22 Middle R. nr Latham SI. 1985 1996 174 6.5 8.70 7.49 0.31
Central and Southern Delta 23 Connection Si. @ Mandevltle Is. Bridge 1983 1994 132 6.8 8.3 7.53 0.21
Central and Southern Delta 24 Contra Costa PP no I 1990 1996 90 6.3 8.5 7.72 0.35
Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 53 7 8.20 7.59 0.23
Central and Southern Delta 26 Rock Sl. @ Old R. 1989 1994 26 6.7 8.30 7.53 0.36
Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 83 6.4 9.10 7.48 0.30
Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 100 6.4 8.50 7.51 0.32
Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 58 7 8.30 7.62 0.22
Central and Southern Delta 30 Middle R, @ Borden Hwy 1988 1994 47 6.3 8.30 7.60 0.26
Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 52 7 8.20 7.61 0.26
Central and Southern Delta 32 North Canal tw Old R. 1990 1994 22 6.2 8.50 7.59 0.38
Central and Southern Delta 33 Middle R. @ Mowry Br. 1985 1996 183 6.3 9.50 7.62 0.29
Central and Southern Delta 34 Clifton Court Intake 1988 1996 130 5.8 20.20 7.57 0.66
Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1996 226 6.2 9.50 7.57 0.31
Cen~ and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 89 6.7 8.50 7.51 0.36 ’,t--

Central and Southern Delta 37 Delta PP Headworks 1989 1994 22 6.1 8.60 . 7.46 0.44 ~,~
Central and Southern Delta 38 DMC Intake @ Lindenmnn Rd 1990 1996 261 6.1 8.80 7.54 0.25
Central and Southern Delta 39 Grant LineJFabian/Bell Canals nr Old R. 1989 1994 48 7 8.30 7.66 0.30
Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 51 7 8A0 7,67 0.27 I
Central and Southern Delta 41 Grant Line Can @ Tracy Rd. Br; 1989 1994 23 6.6 9.20 7.65 0.48
Cenlrnl and Southern Della 42 Old R. nr Trncy 1990 1994 47 7 8.20 7.61 0.26
Central and Soulhem Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 62 6.7 8.80 7.55 0.43
Central and Southern Delta 44 San Joaquln R. nr Vemalis 1989 1994 57 6.9 8.8 7.72 0.34
North Bay 8 Barker SI. @ North Bay PP 1983 1996 281 6.5 8.60 7.58 0.29

field Northern Delta 6 Sacramento River @ Freeport Marina - USG~1973 1995 338 6.5 8.2 7.60 0.30
lab Northern Delta 6 Sacramento River @ Freeport Marina - USG~1973 1995 110 6.9 8.60 7.90 0.26

Northern Delta 6 Sacramento River @ Freeport Marina - CMP1992 1996 49 5.6 8.79 7.53
Northern Delta 7 Sacramento River Mile 44 1992 1996 56 6.14 8.52 7.36
Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 9 7.2 8.20 7.62 0.23
Northern Delta I0 Georgiana SI. @ Walnut Grove Bridge 1989 1994 23 6.3 8.20 7.43 0.37
Northern Delta 11 Sacramento R. @ Rio Vista Br. 1989 1994 52 7 8.30 7.67 0.22
Northern Delta 12 Mokelumne R. below Georglaan SI. 1989 1994 25 7 8.80 7.73 0.35
Northern Delta 18 Sacrmncnto River @ Collinsville 1994 1996 8 7.5 8.00 7.75 0.16
Northern Delta 18 Sacramento R. @ Mallard ls. 1989 1994 117 6.1 8.80 7.58 0.29
Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1994 156 6.7 8.8 7.58 0.27
Wcslern Della 14 Pacheco Creek (outside area map) 1994 19% 8 7.7 8.20. 7.89 0.16
Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 7.7 8.00 7,85 0.12
Western Delta 16 Honker Bay 1994 1996 6 7.5 8.00 7.78 0.18



ALKALINITY
Station Standard

Form            Unit             Area           Number            Station Name            Record Period Count    Min     Max    Mean Deviation
Start End

as CaCO3 mg/k Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 45 42.00 82.00 59.27 9.28
as CaCO3 mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 26 48.00 85.00 65.38 6.94
as CaCO3 mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1989 1994 26 38.00 90.00 60.50 9.02
as CaCO3 rng/L Central nnd Southern Delta 22 Middle R. nr Latham SI. 1989 1992 12 55.00 76.00 62.83 6.56
as CaCO3 mg/L Central and Southern Delta 24 Contra Costa PP #01 1991 1996 84 38.00 i 19.00 67.58 12.01
as CaCO3 mg/l., Central and Southern Delta 25 Old R. N/O Rock SL (St 4b) 1988 1994 24 46.00 81.00 643 ! 8.36
as CaCO3 mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1986 1994 41 46.00 89.00 66.20 7.68
as CaCO3 mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 61 39.00 87.00 67.11 8.22
as CaCO3 mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 20 57.~O 8 !.00 66.75 9.04
as CaCO3 mg/I. Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 20 59.00 124.00 70.00 13.17
as CaCO3 mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1986 1996 114 32.00 83.00 64.11 7.37
as CaCO3 mg/L Central and Southern Delta 3 ! Old R. nr Byron (St 9) 1989 1996 59 32.00 83.00 58.73 733
as CaCO3 mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 19 58.00 84.00 68.32 9.78
as CaCO3 mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 47.00 140.00 102.29 15.69
as CaCO3 rng/L, Central and Southern Delta 34 Clifton Court Intake 1986 1994 66 39.00 107.00 7h12 9.41
as CaCO3 mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 " 23 49.00 lOI.00 68.74 8.78
as CaCO3 mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 16 60.00 105.00 77.00 10.68
as CaCO3 mgJL Central and Southern Delta 36 Old R. UIS from DMC Intake 1989 1994 21 59.00 104.00 79.57 12.29
as CaCO3 mg/L Central and Southern Delta 37 DMC Intake @ Lindemann Rd 1990 1996 105 33 130 73.69 15.42
as CaCO3 mg/L Central and Southern Delta 38 Delta PP Headworks 1990 1996 107 8.2 96 66.70 9.94
as CaCO3 mg/L Central and Southern Della 39 Grant Line/Fabian/Bell Canals m- Old R. 1989 1994 19 60.00 118.00 86.68 12.36
as CaCO3 mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 46.00 154.00 114.73 ¯ 16.33
as CaCO3 mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 30 47.00 i73.00 124.20 13.35
as CnCO3 mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 31.00 150.00 91.95 16.92
as CaCO3 mg/L Central and Southern Delta 44 San Joaquin R. nr Vcrnalis - DWR 1986 1996 152 39.00 155.00 IO6.9 ! 19.19
as CaCO3 mg/L North Bay 8 Barker SI. @ North Bay PP 1986 1994 I i0 48.00 150.00 96.65 19.57
fixed endpoint, unfiltered,
field, as CaCO3 mg/L Northern Delta 6 Sacramento R. @ Freeport Manna - USGS1973 1995 3 60.00 69.00 63.67 4.73
fixed cndpoint, unfiltered,
lab, as CaCO3 mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS1973 1995 1 ! I 28.00 94.00 53.91 1 !.1 i
as CaCO3 rng/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 37.00 79.00 57.74 9.23
as CaCO3 rng/L Northern Delt~ IO Georglana SI. @ Walnut Grove Bridge 1989 1994 24 38.00 8 I.O0 59.00 7.93
as CaCO3 mg/L Northern Delta ! I Sacramento R. @ Rio Vista Bridge 1988 1994 83 43.00 250.00 67.04 16.84
as CaCO3 mg/L Northern Delta 12 Mokelumne R. below Oenrglana SI. 1990 1994 24 40.00 83.00 58.50 9.9 I
as CaCO3 mg/L Northern Delta 45 Sacramento R. at Greenes Landing 1986 1996 156 30.00 86.00 59.15 8.78
as CaCO3 mg/l., Western Delta 17 Sacramento R. @ Mallard Is. 1986 1996 136 37.00 105.00 65.38 8.14



HARDNESS
Station Standard

Form          Unit              Area            Number             Station Name             Record Period Count    Min     Max     Mean Deviation
Start End

as CaCO3 mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 44 46 84.00 61.07 10.92
uM Central and Southern Delta 19 San Joaquin R. @ Antioch 1994 1996 6 64 530.00 176.33 179.02

as CaCO3 mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 78 64 477.00 168.00 48.59
as CaCO3 mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. [990 1994 25 43 I05.00 67.?.4 I?..13
as CnCO3 mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 43 251.00 104.61 29.32
as CnCO3 mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1996 66 46 169.00 I09.92 18.8 l
as CnCO3 mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1986 1994 90 46 169 109.4778 19.12
as CnCO3 mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1990 1994 99 46 140 97.66667 18.87
as CaCO3 mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1990 1994 60 70 163.00 104.63 17.99
as CnCO3 mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1990 1994 60 68 166.00 104. l g 20.81
as CaCO3 mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1986 1996 112 42 141.00 91.99 18.31
as CaCO3 mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 105 42 166.00 97.30 19.08
as CnCO3 mg/L Central nnd Southern Delta 32 North Canal nr Old R. 1990 1994 63 68 142.00 I07..03 ?.0.75 03
as CnCO3 mg/L Centrnl nnd Southern Delta 33 Middle R. @ Mowry Br. 1990 1994 27 60 314,00 190.78 40.77
as CaCO3 mg/L Central nnd Southern Delta 34 Clifton Court Intake 1986 1994 66 48 194.00 109.70 22.41
as CaCO3 mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1990 1994 67 52 231.00 115.43 32.63
as CnCO3 mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1988 1994 55 72 232.00 128.00 37.73
as CnCO3 mg/L Central and Southern Delta 36 Old R. UIS from DMC Intake 1990 1994 59 72 262.00 136.78 46.53 x--
as CaCO3 mg/L Central and Southern Delta 37 Delta PP Headworks 1986 1996 150 39 161.00 I04.50 19,74
as CaCO3 mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1986 1996 144 39 255.00 124.78 38.54
as CaCO3 mg/L Central and Southern Delta 39 Grant Line!Fabian/Bell Canals nr Old R. 1990 1994 57 72 267.00 146.74 39.71
as CaCO3 mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 25 57 341.00 215.24 39.38

i Ias CaCO3 mg/L Central and Southern Delta 42 Old R. nr Tracy 1990 1994 29 57 350.00 238.79 37.57 ’
as CnCO3 mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdnle Br. 1989 1996 61 36 316.00 152.93 42.74
as CaCO3 mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1986 1996 157 45 347.00 188.22 41.77
as CaCO3 mg/L North Bay 8 Barker SI. @ North Bay PP 1990 1996 97 32 166.00 99.71 24.30

mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - CMP1992 1996 37 30 82 54.95
Total as CaCO3 mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS1973 1995 165 27 86.00 56.47 10.98

mg/L Northern Delta 7 Sacramento R. Mile 44 1992 1996 42 31 86.00 57.50
as CaCO3 mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1990 1994 22 36 8 !.00 57.09 10.I 6
as CaCO3 mg/L Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1990 1994 23 36 81.00 57.17 9.02
as CaCO3 mg/L Northern Delta 11 Sacramento R. @ Rio Vista Bridge 1988 1994 129 39 247.00 70.00 15.35
as CnCO3 mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 39 81.00 56.50 10.95

uM Northern Delta 18 Sacramento R. @ Collinsville 1994 1996 6 56 420.00 146.00 142.14
as CaCO3 mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1986 1996 171 28 84.00 57.42 9.30

uM Western Delta 14 Pacheco Creek (outside area map) 1994 1996 3 48 990.00 370.00 537.07
uM Western Delta 15 Grizzly Bay (outside map area) 1994 1996 4 60 I I00.00 552.50 570.46
uM Western Delta 16 Honker Bay 1994 1996 5 60 470.00 212.80 169.61

as CaCO3 mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1986 1996 178 36 2520.00 831.72 426.02



SODIUM
Station                                                                                    Standard

Form ¯      Unit              Area           Number            Station Name             Record Period Count    Min     Max    Mean Deviation
Start End

Dissolved mg/L Central and Southern D~lta 13 Little Potato SI. @ Terrain@us 1988 1994 50 7 18.00 1130 2.55
Dissolved mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 78 12 420.00 173.49 73.27
Dissolved mg/L Central and Southern Delta 21 Little Connection S1. @ EmpircTr. 1985 1994 86 7 38.00 15.02 3.94
Dissolved mg/L Central and Southern Delta 22 Middle R. nr L@h.am SI. 1989 1992 12 25 56.00 39.17 12.33
Dissolved mg/L Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1989 1992 12 26 88.00 48.17 15.61
Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 I 1 141.00 59.26 24.37
Dissolved mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 67 10 151.00 79.33 28.98
Dissolved mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1983 1994 168 I0 172.00 67.52 30.09
Dissolved mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 100 11 80.00 43.49 12.99
Dissolved mg/L Central and Soutbem Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 62 22 129.00 66.31 23.63
Dissolved mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 62 23 125.00 60.24 23.17
Dissolved mg]L Central and Southern Delta 30 Middle R. @ Borden Hwy 1985 1996 179 ! I 86.00 39.94 12.40
Dissolved mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 107 12 128 57.72 ! 9.68
Dissolved mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 64 24 95 50.63 15.22

Dissolved mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 24 144.00 90.46 18.17

Dissolved mg/L Central and Southern Delta 34 Clifton Court Intake 1983 1994 140 12 113.00 52.55 19.27

Dissolved mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 69 15 105.00 63.84 19.54
Dissolved mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 56 27 120.00 69.68 21.59
Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1983 1996 277 10 116.00 55.99 17.31
Dissolved mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1983 1996 275 14 229.00 60.81 21.49
Dissolved mg/L Central and Southern Delta 39 Grant Line/Fablan/Bell Canals nr Old R. 1989 1994 58 28 148.00 77.53 23.58

Dissolved mg/L Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 62 28 133.00 74.44 20.98

Dissolved mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 23 178.00 105.46 26.31

Dissolved mg/L Central and Southern Delta 42 Old R. nrTracy 1989 1994 30 24 179.00 119.20 25.00

Dissolved mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 12 167.00 76.72 25.92
Dissolved mg/L Central and Southern Delta 44 San Joaquln R. nr Vemalis - DWR 1983 1996 209 I I 200.00 91.56 23.51
Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1988 1996 116 I I 62.00 29.12 8.62

Dissolved mg/L Northern Delta 6 Sacramento R. @ Freeport Marina- USGS 1973 1995 166 2,9 18 9.54 2.99

Dissolved mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 5 15.00 10.26 2.34

Dissolved mg/L Northern Delta I0 Georglana SI. @ Walnut Grove Bridge 1989 1994 24 5 15.00 10.25 1.83

Dissolved mg/L Northern Delta l I Sacramento R. @ Rio Vista Bridge 1988 1994 131 6 142.00 21.18 11.08

Dissolved mg/l., Northern Delta 12 Mokelumne R. below Georgiana Sl. 1990 1994 24 6 15.00 10.25 2.17
Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1996 209 3 19.00 10.26 2.39
Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1985 1996 187 8 3430.00 1275.20 703.72



CONDUCTIVITY
Station Standard

Form    Unit              Area           Number             Station Name             Record Period Count    Min     Max    Mean Deviation
Start End

mho Central and Southern Delta 13 Little Potato SI. @ Terrain@us 1989 1992 9 180 492.00 346.22 73.69
mho Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 7 131 3610.00 830.86 1259.89
mho Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1995 71 188 2790.00 1221.32 439.18
mho Central and Southern Delta 21 Little Connection SI. @ Empire Tract 1990 1996 1244 56 605.00 154.95 27.67
mho Central and Southern Delta 22 Middle R. nr Latham SI. 1985 1996 817 5 730.00 378.28 94.78
mho Central and Southern Delta 23 Connection SI. @ Mandcville Is. Bridge 1983 1994 137 137 887.00 468.81 134. I !
mho Central and Southern Delta 24 Contra Costa PP no 1 1990 1996 90 138 994.00 501.16 166.53
mho Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 56 220 793 461.6964 118.11
mho Central and Southern Delta 26 Rock SI. @ Old R. 1989 1994 29 254 1435 987.5517 250.95
mho Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 85 120 386.00 207.69 34.17

mho Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 104 160 912.00 484.22 151.08
who Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 61 178 931.00 550.77 142.96
mho Central and Southern Delta 30 Middle R. @ Borden Hwy 1988 1994 49 120 249.00 176.49 31.21
mho Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 lgg4 55 200 935.00 511.36 144.46

~

mho Ccntrnl and Southern Dchn 32 North Canal nr Old R. 1990 1994 23 108 230.00 163.13 30.27 ¢J~
mho Ccntrnl and Southern Delta 33 Middle R. @ Mowry Br. 1985 1996 180 !17 17800.00 6810.86 3785.39 ~
mho Central and Southern Delta 34 Clifton Court Intake 1988 1996 208 109 609.00 323.23 81.50
who Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1996 211 ! 17 1460.00 770.33 175.14 ,,t-
who Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 94 144 692.00 404.17 108.82 �O
who Central and Southern Delta 37 Delta PP Headworks 1989 1994 21 104 227.00 154.10 26.15
mho Central and Southern Deltn 38 DMC Intake @ Lindemann Rd 1990 1996 272 126 1200.00 534.69 160.02 ~

who Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 51 253 1150.00 658.59 183.69 I
who Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 55 344 975.00 635.33 152.75
mho Central and Southern Delta 41 Grant Line Can @ Tracy Rd. Br. 1989 1994 25 248 1430.00 895.92 221.79 �~

mho Central and Southern Delta 42 Old R. nr Tracy 1990 1994 49 340 988.00 607.00 156.35
mho Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 63 134 1470.00 638.16 223.43
who Central and Southern Delta 44 San Jonquin R. nr Vernalis 1989 1994 60 149 1060.00 624.95 170.97
mho North Bay 8 Barker SL @ North Bay PP 1983 1996 506 135 877.00 377.13 116.41

umho/em Northern Delta 6 Sacramento River @ Freeport Marina - CMP1992 1995 49 54 254 134.9
umho/cm Northern Delta 7 Sacramento River Mile 44 1992 1995 58 45 234.00 116.40

who Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 10 200 700.00 408.40 111.07
mho Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 23 101 228.00 157.87 28.70
mho Northern Delta 11 Saernmento R. @ Rio Vista Br. 1989 1994 55 200 938.00 547.20 136.67
who Northern Delta 12 Mokelumne R. below Georgiana SI. 1989 1994 27 274 1180.00 773.67 172.67
mho Northcrn Delta 18 Sncrnlncnto River @ Colllnsville 1994 1996 6 118 4900.00 !il4.50 1891.85
mho Northern Delta lg Sacramento R. @ Mallard Is. 1989 1994 i 17 118 730.00 232.75 65.76
mho Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1994 161 149 1250.00 539.22 187.45
mho Western Delta 14 Pncheco Creek (outside area map) 1994 1996 7 121 17900.00 10096.86 7599.62
mho Western Delta 15 Grizzly Bay (outside map area) 1994 1996 7 125 16000.00 7167.57 5541.19

who Western Delta 16 Honker Bay 1994 1996 6 130 11000.00 3552.50 4046.63



SPECIFIC CONDUCTANCE
Station Standard

Form     Unit              Area            Number             Station Name             Record Period Count    Min     Max    Mean Deviation
Start End

umhodcm Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 50 120 249.00 177.42 32.94
umhos/cm Central and Southern l~lta 20 San Jonquin R. @ Jersey Point 1990 1994 78 185 2790.00 1216.92 460.19
umhos/cm Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1985 1994 86 120 386.00 208.59 35.25
umhodcm Central and Southern Delta 22 Middle R. nr Lntham SI. 1989 1992 12 180 506.00 364.33 103.57
umhos/cm Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1989 1992 12 200 700.00 417.17 119.69
umhos/cm Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 146 988.00 516.47 170.65
umhos/cm Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 67 148 1090.00 629.78 186.34
umhos/cm Central and Southern Delta 26 Rock Si. @ Old R. 1983 1994 170 156 1250.00 551.61 190.81
umhos/cm Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 100 147 686.00 415.35 100.88
umhos/cm Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 62 200 979.00 553.18 152.60
umhodcm Central and Southern Delta 29 Woodward/lq. Victoria Canal nr Old g. 1989 1994 62 200 958.00 519.02 152.25
umhos/cm Central and Southern Delta 30 Middle R. @ Borden Hwy 1985 1996 179 153 726 388.80 95.22
umhos/cm Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 I06 165 947 495.25 127.37 ~’-
umhos/cm Central and Southern Delta 32 North Canal nr Old R. 1989 1994 64 220 770.00 461.28 114.63
umhos/cm Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 261 1200.00 798.18 150.62
umhos/cm Central and Southern Delta 34 Clifton Court Intake 1983 1994 141 137 875.00 475.65 136.47
umhordcm Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 69 179 915.00 554.70 148.74 ~’-
umhos/cm Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 56 321 1000.00 610.20 168.56
umhos/cm Central and Southern Delta 37 Delta PP Headworks 1983 1996 271 163 877.00 500.20 123.69
umhodcm Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1983 1996 269 169 1200.00 548.28 167.80

Iumhodcm Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 58 318 1210.00 677.26 177.29
umhos/cm Central and Southern Delta 40 Old R. UIS from DMC Intake 1989 1994 62 329 1140.00 643.42 164.71
umhos/cm Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 244 1430.00 913.96 215.01
urnhos/cm Central and Southern Delta 42 Old R. nrTracy 1989 1994 30 249 1520.00 1023.23 202.40
umhos/cm Central and Southe:rn Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 65 143 1370.00 671.86 199.35
umhos/cm Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1983 i 996 213 I 17 1550.00 784.93 178.90
umhos/cm North Bay 8 Barker SI. @ North Bay PP 1988 1996 116 122 609.00 332.91 79.06

Field us/cm Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 345 43 270 146.32 34.63
Lab us/cm Northern Delta 6 Sacramento R. @ Freeport Marina- USGS1973 1995 108 79 253.00 161.45 34.60

umhos/cm Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 105 225.00 160.43 29.58
umhos/cm Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 101 227.00 162.25 25.07
umhos/cm Northern Delta 11 Sacramento R. @ Rio Vista Bridge 1988 1994 132 120 1170.00 245.01 79.58
umhos/cm Northern Delta 12 Mokelumn¢ g. below Georgiana Sl. 1990 1994 24 109 226.00 163.46 30.61
umhos/cm Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1996 209 70 253.00 162.61 25.72
umhos/cm Western Delta 17 Sacramento R. @ Mallard Is. 1985 1996 187 120 18500.00 7385.23 3872.72



TDS
Station                                                                                  Standard

Form      Unit              Area            Number             Station Name             Record Period Count    Min     Max     Mean Deviation
Start End

mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 46 75 151.00 108.91 20.02
mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 26 114 1310.00 627.58 265.28
mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1989 1994 26 49 207.00 122.00 21.89
mg/L Central and Southern Delta 22 Middle R. nr L@ham SI. 1989 1992 12 120 282.00 203.83 56.91
mg/L Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1989 1992 12 130 372.00 229.25 64.22
mg/L Central and Southern Delta 24 Contra Costa PP #01 1991 1996 85 86 529.00 283.35 107.23
mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 24 84 495.00 305.58 97.38
mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1986 1994 42 86 544.00 302.26 85.13
mg/L Central and Southern Delta 9.7 Middle R. @ Bacon Is. Br. 1989 1994 61 88 378.00 226.84 57.88
mg/L Central and Southern Delta 28 Santa Fe-Baeon Is. Cut nr Old R. 1989 ! 994 20 130 418.130 272. I 0 70.38
mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 20 130 404.00 263.75 67.98
mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy ! 986 1996 114 92 399.00 219.78 52.52
mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 58 92 425.00 225.57 63.07
mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 19 140 358 240.42 54.48
mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 152 712 461.54 88.92
mg/L Central and Southern Delta 34 Clifton Court Intake 1986 1994 67 91 496.00 286.42 67.26
mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 23 104 492.00 288.87 68.23
mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 16 194 528.00 331.44 79.86
mg/L Central and Southern Delta 37 Delta PP Headworks 1986 ! 996 106 101 475.00 266.02 71.82
mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1986 1996 105 98 613.00 297.02 89.38
mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 19 180 663.00 380.11 98.85
mg/L Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 21 188 505.00 335.81 83.39
mg/L Central and Southern Delta 41 Grant Line Can @ Traey Rd Br. 1989 1994 26 142 886.00 538.12 131.77
mg/L Central and Southern Delta 42 Old R. nr Traey 1989 1994 30 142 907.00 605.90 125.79
mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 90 852.00 401.56 123.40
mg/L Central and Southern Delta 44 San Joaquin R. nr Vemalis - DWR 1986 1996 153 114 897.00 483.44 113.16
mg/L North Bay 8 Barker SI. @ North Bay PP 1990 1996 97 84 297 192.41 4’7.46
mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 68 139.00 98.48 19.17
mg/L Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 64 134.00 98.92 14.53
mg/L Northern Delta I I Sacramento R. @ Rio Vista Bridge 1988 1994 83 55 427.00 137.82 37.86
mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 72 138.00 101.25 18.88
mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1986 1996 154 49 151.00 101.14 16.48
mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1986 1996 136 80 11000.00 4044.47 2391.85



SALINITY
Station                                                                                       Standard

Form      Unit              Area           Number             Station Name             Record Period Count    Min     Max    Mean Deviation
Start End

o/oo Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 BDL 3.00 0.97 1.50
o/oo Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 BDL 3.40 1.10 1.70o/oo Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 BDL 12.6 6.33 4.78o/oo Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 BDL 8.00 4.42 2.70
o/oo Western Delta 16 Honker Bay 1994 1996 6 BDL 4.00 2.90 1.22



CADMIUM
Station                                                                                            Standard

Form     Unit              Area           Number             Station Name             Record Period Count    Min     Max     Mean Deviation
Start End

Total ug/L Central and Southern Delta 19 San Jon.quin River @ Antioch 1994 1996 8 0.017 0.07 0.03 0.02
Total ug/L Northern Delta 6 Sacramento River @ Freeport Marinn - CMP 19921996 51 <0.03 2.5
Total ug/L Northern Delta 6 Sacramento River @ Freeport Marina - USG. 19731995 97 3 160.00 16.82 24.71
Total ug/L Northern Delta 7 Sacramento River Mile 44 1992 1996 57 <0.03 0.78
Total ug/L, Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 0.02 0.04 0.03 0.01

Total ug/L Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 0.024 0.40 0.09 0.13
Total ug/L We, stem Delta 15 Grizzly Bay (outside map area) 1994 1996 8 0.021 0.10 0.05 0.03

Total ug/L We, stem Delta 16 Honker Bay 1994 1996 6 0.023 0.40 0.10 0.I 5



COPPER
Station                                                                                         Standard

Form Unit Area Number Station Name Record Period Count Min Max Me.an Dcvlation
Start End

Total ug/L Central and Southern Delta 19 San .loaquin R. @ Antioch 1994 1996 8 2.77 5.31 3.70 0.83
Dissolved ms/L Central and Southern Delta 24 Contra Costa PP #01 1993 1996 56 0 0.01 0.00 0,00
Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1987 1996 53 0 0.01 0.00 0.00
Dissolved mg/L Central and Soutbem Delta 38 DMC Intake @ Lindemann Rd 1993 1996 28 0 0.01 0.00 0.00
Dissolved mg/L Central and Southern Delta 44 San Joaquin R. nr Vemalis - DWR 1986 1996 74 0 0.01 0.00 0.00
Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1993 1996 53 0 0.01 0.00 0.00
Total ug/L Northern Delta 6 Sacramento R. @ Freeport Marina - CMP1992 1996 53 1.6 14.5
Total ug/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS1973 1995 60 0 20.00 6.98 8.64
Total ug/L Northern Delta 7 Sacramento R. Mile 44 1992 1996 59 1.2 16.00
Total ug/L Northern Delta l 8 Sacramento R. @ Collinsville 1994 1996 7 2.62 5.82 4.26 !.09
Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1993 1996 52 0 0.01 0.00 0.00
Total ug/L Western Delta 14 Pacheco Creek (outside: area map) 1994 1996 8 2.49 7.86 5.01 1.76
Total ug/L We.stem Delta 15 Grizzly Bay (outside map area) 1994 1996 8 3.28 11.54 7.31 3.27
Total ug/L Western D~lta 16 Honker Bay 1994 1996 6 3.05 7.87 5.10 1.57

I
o



A

MERCURY
Stntion Standard

Form     Unit                Area             Number               Slafion Name               Record Period Count     Min      Max     Mean Deviation
Start End

Total ug/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 0.0044 0.01 0.01 0.00
Total ug/L Central and Southern Delta 37 Delta PP Headworks 1992 1996 8 0 0.00 0.00 0.00
Total ug/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1992 1996 9 0 0.00 0.00 0.00
Total ngfL Northern Delta 6 Sacramento River @ Freeport Marina - CMP 1992 1996 31 1.47 36.19
Total ug/L Northern Delta 6 Sacramento River @ Freeport Marina- USG. 1973 1995 92 0 15.00 0.45 1.75
Total ng/L Northern Delta 7 Sacramento River Mile 44 1992 1996 34 3.66 73AI
Total ug/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 0.0045 0.01 0.01 0.00
Total ug/L Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 0.006 0.03 0.01 0.01
Total ug/l., Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 0.0093 0.04 0.02 0.01
Total ug/L Western Delta 16 Honker Bay 1994 1996 6 0.0062 0.03 0.01 0.01

I





ZINC
Station Standard

Form Unit Area Number Station Name Record Period Count Min Max Mean Deviation
End

Dissolved ug/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 2.4 9.39 4.87 2.38
Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1987 1996 8 0 4.33 0.55 1.08
Dissolved mg/L Central and Southern Delta 44 San Joaquln R. nr Vernalis - DWR 1986 1989 41 0 0.12 0.01 0.02
Dissolved ug/L Northern Delta 6 Sacramento River @ Freeport Marina- CMP 1992 1996 52 <1.5 27
Dissolved ug/L Northern Delta 6 Sacramento River @ Freeport Marina - USGS 1973 1995 1 i I 0 92.00 I0.41 12.29
Dissolved ug/l., Northern Delta 7 Sacramento River Mile 44 1992 1996 59 <4 18.00
Dissolved ug/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 2.75 11.49 6.41 3.05
Dissolved ug/L, Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 3.45 16.89 7.89 4.27
Dissolved ug/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 5.15 23.00 12.34 6.46
Dissolved ug/l., Western Delta 16 Honker B ny 1994 1996 6 4. ! 5 16.09 8.13 4.16



CHLORDANE
Station Slandard

Form     Unit             Area           Number            Station Name            Record Period Count    Min     Max    M~an Devialion
Start End

Total pg/L Central and Soutbem Delta 19 San Joaquin River @ Antioch 1994 1996 6 69 254.00 150.83 65.03
Total pg/L Northern Delta 18 Sacramento River @ Collinsville ! 994 1996 7 83 214.00 124.86 42.98
Total pgil., We, stcm Delta 15 Grizzly Bay (outside map arca) 1994 1996 6 59 241 170.1667 60.31



CHLORPYRIFOS
Station Standard

Form     Unit              Area           Number             Station Name             Record Period Count    Min     Max     Mean Deviation

Start End
Total pg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 5 0 35259.009191.80 14862.38
Total ug/L Northern Delta 6 Sacramento River @ Freeport Marina - CMP 19921995 20 <0.5 <0.5 <0.5
Total ug/L Northern Delta 7 Sacramento River Mile 44 1992 1995 20 <0.5 <0.5 <0.5
Total pg/L Not’them Delta 18 Sacramento River @ Collinsville 1994 1996 6 1400 46629.0010621.50 17798.18
Total pg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 5 29 390.80 170.96 140.03



DIAZINON
Station                                                                                       Standard

Form    Unit              Area           Number             Station Name             Record Period Count    Min     Max     Mean Deviation
Start End

Total pg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 5 20 640.00 239.40 238.50
ug/L Northern Delta 6 Sacramento River @ Freeport Marina- CMP 19921996 20 <0.5 0.6 <0.5
ug/L Northern Delta 7 Sacramento River Mile 44 1992 1996 20 <0.5 0.70 <0.5

Total pg/L Northern Delta 18 Sacramento River @ Collinsvill¢ 1994 1996 .5 21 1416.00 404.20 .592.79
Total pg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 6 1700 14786.00 5714.33 4999A8



DDT
Station Standard

Form     Unit              Area           Humber             Station Name             Record Period Count    Min     Max     Mean Deviation
Start End

Total pg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 6 , 72 430.40 306.97 137.91
Total pg/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 7 52 728.00 404.19 224.37
Total pg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 7 148 1754 693.26 585.16



Station StandardForm Unit Area Number Station Name Record Period Count    Min Max Mean Deviation
Start EndTotal pg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 7 0 762.00 281.57 237.67Total pg/L Northern Delta 18 Sacramento River @ Collinsviile 1994 1996 7 160 850.00 400.00 254.65Total pg/L Western Delta 15 Gdz.zly Bay (outside map area) 1994 1996 7 168 2435 784.7143 785.4968



BROMIDI~
Station Standard

Form       Unit              Area            Number             Station Name             Record Period Count    Min     Max     Mean Deviation
Start End

Dissolved mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1990 1994 25 0.02 0.07 0.03 0.01
Dissolved mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 81 0.03 2.60 1.07 0A6
Dissolved mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr, 1990 1994 23 0.02 0.13 0.06 0.02
Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 0.03 0.77 0.28 0.14
Dissolved mg/L Central and Southern Delta 25 Old R, N/O Rock SI. (St 4b) 1990 1994 66 0.03 0.91 0.46 0.19
Dissolved mg/L Central and Southern Delta 26 Rock Sl. @ Old R. 1990 1994 94 0.04 0.92 0.46 0.20
Dissolved mg/L Central and Southern Delta 27 Middle R, @ Bacon Is, Br. 1990 1994 I00 0.03 0A2 0.2l 0.07
Dissolved mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1990 1994 61 0.06 0.77 0.38 0.16
Dissolved mg/L Central and Southern Delta 29, Woodward/N. Victoria Canal nrOld R. 1990 1994 61 0.07 0.75 0.34 0.14
Dissolved mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1990 1996 94 0.03 0.51 0.18 0.07
Dissolved mg]L Central and Southern Delta 3 ! Old R. nr Byron (St 9) 1990 1996 103 0.04 0.’/7 0.31 0. I I
Dissolved mg/L Central and Southern Delta 32 North Canal nr Old R. 1990 1994 63 0.07 0.48 0.26 0.08
Dissolved mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1990 1994 24 0.06 0.69 0.39 0.10 ’~"
Dissolved mg/L, Central and Southern Delta 34 Clifton Court Intake 1990 1994 61 0 0.63 0.27 0.13
Dissolved mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1990 1994 68 0.05 0.62 0.34 0.1 I
Dissolved mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 58 0.08 0.60 0.37 0.1 I
Dissolved mg/L Central and Southern Delta 36 Old R. U/S from DMC Intake 1990 1994 59 0.08 0.60 0.38 0.11
Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1990 1996 149 0.05 0.65 0.29 0.10
Dissolved mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 146 0.04 0.62 0.28 0.10
Dissolved mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1990 1994 57 0,08 0.60 0.38 0.10
Dissolved mg/L Central and Southern Delta 41 Grant Line Can @ Traey Rd Br. 1990 1994 21 0.052 0.70 0.39 0.13 I
Dissolved mg/L Central and Southern Delta 42 Old R. nr Traey 1990 1994 24 0.08 0.78 0AT 0.10
Dissolved mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1990 1996 57 0.03 0.60 0.28 0.09
Dissolved mg/l., Central and Southern Delta 44 San Joaquin R. nr Vcmalis - DWR 1990 1996 82 0.04 0.65 0.36 0. I0
Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1990 1996 108 0 0.23 0.05 0.02
Dissolved mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1990 1994 20 0 0.05 0.02 0.01
Dissolved mg/L Northern Delta 10 Gcorgiana SI. @ Walnut Grove Bridge 1990 1994 21 0 0.05 0.02 0.01
Dissolved mg/L Northern Delta 11 Sacramento R. @ Rio Vista Bridge 1990 1994 114 0 1.02 0.09 0.08
Dissolved mg/L Northern Delta 12 Mokelumne R. below. Georgiana SI. 1990 1994 22 0 0.05 0.02 0.01
Dissolved mg/L Nonhero Delta 45 Sacramento R. @ Greenes Landing 1990 1996 123 0 0.52 0.02 0.02
Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1990 1996 i 36 0.02 22.60 8.18 4.44



CHLORIDE
Station                                                                                         Standard

Form        Unit              Area            Number             Station Name             Record Period Count    Min      Max      Mean Deviation
Start End

Dissolved mR/1., Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 I994 50 4 17.00 10.32 2.99
Dissolved mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 78 13 746.00 300.59 134.94
Dissolved mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1985 994 86 4 60.00 16.59 6.72
Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #0! 1990 ,996 87 I 1 233.00 90.95 42.36
Dissolved mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 994 67 10 257.00 130.60 53.74
Dissolved mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1983 1994 170 12 303.00 108.70 53.71
Dissolved mg/L Central and Southern Delta 27 Middle g. @ Bacon Is. Br. 1989 i994 100 11 133.00 62.54 20.78
Dissolved mg/L - Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 994 62 27 220.00 104.44 44.91
Dissolved mg/L, Central and Southern Delta 29 WoodwardiN. Victoria Canal nr Old R. 1989 [994 62 3 213.00 94.81 42.71
Dissolved mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1985 996 !’79 12 139.00 56.36 20.76
Dissolved mg/l., Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 108 6 211.00 89.49 40.63
Dissolved mR/L, Central and Southern Delta 32 North Canal nr Old R. 1989 1994 64 3 155.00 75.13 24.24
Dissolved mR/L, Central and Soutbern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 27 240 126.54 32.67
Dissolved mg/L Central and Southern Delta 34 Clifton Court Intake 1983 1994 140 13 190 76.79 32.72
Dissolved mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 69 5 177.00 97.36 32.21
Dissolved mg/L Central and Southern Delta 36 Old g. 6/10 mile below DMC intake 1990 1994 56 37 181.00 105.93 31.75
Dissolved mg/L Central and Southern Delta 36 Old R. U/S from DMC Intake 1989 1994 62 38 177.00 108.68 27.07
Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1983 1996 280 14 186.00 83.56 29.60
Dissolved mg/L Central awl Southern Delta 38 DMC Intake @ Lindemann Rd 1983 IC:,~6 275 15 198.00 83.81 29.13
Dissolved mR/L, Central and Southern Delta 39 Grant Line2Fabian/Bcli Canals nr Old R. 1989 1994 58 36 180.00 110.67 30.78
Dissolved mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 26 226.00 139.81 32.5:5
Dissolved mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 30 27 255.00 161.07 31.95
Dissolved mR/L, Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 I 1 197.00 93.22 29.37
Dissolved mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1983 1996 213 10 221.00 107.53 26.75
Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1988 1996 116 5 74.00 25.78 9.05
Total mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 ! 66 1.8 15 6.40 2.39
Dissolved mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 I 12.00 7.26 2.11
Dissolved mg/L Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 2 | 1.00 ?.13 1.86
Dissolved mR/L, Nortbem Delta I 1 Sacramento R. @ Rio Vista Bridge 1988 1994 132 3 277.00 23.70 18.35
Dissolved mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 4 14.00 7.75 2.16
Dissolved mg/L No=them Delta 45 Sacramento R. @ Greenes Landing 1983 1996 209 ! 19.00 7.13 1.87
Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1985 1996 187 7 6060.00 231 !.30 1286.70



TOTAL ORGANIC CARBON
Sla[ion                                                                                        S[a~dard

Form      Unit          Area       Number                Station Name                Record Period Count     Min     Max     Mean Deviation
Start End

mg/L Northern Delta 6 Sacramento River @ Freeport Marina- CMP 1992 1996 41 <1 6.8
mg/L Northern Delta 6 Sacramento River @ Freeport Marina - USGS 197:3 199.5 91 1.2 7.90 2.77 !. ! 8
mg/L Northern Delta 7 Sacramento River Mile 44 1992 1996 4"7 <:3 6.10



BIOLOGICAL INDICATORS
Standard

Form              Unit               Area           Number            Station Name            Record Period Count    Min     M~x    Mean Dcvialion
Start End

Fecal Coliform, membrance
filter m.fc media-fc media Nort~m Delta 6 S=~.mento River @ Freeport Mtrtr~ - USG. 1973I995 41 3    1200 I i7.66 205.53
Fecal Streptococci - kfagar colonieJ/10OmL, Northern Delta 6 Sacramento River @ Freeport Marina - USG. 19731995 102 2 2000.00 165.54 329.21



I SEDIMENT MONITORINGLOCATIONS

ND13A
NDI3B

...... ~ ..... No~ Del~ ~o~ - 1994

.... .=. .Sacr~ento ~vcr @

NteNm So~h Del~ Pro~ ....... "

Inte~m Sou~ Delta ~o~ - 1~,                                                 . ......

SD06A
SD~B

SD03
SDIOA

SACRAMENTO - SAN JOAQUlN DELTA SD02

C--031 478
C-031478



Program Name and year(s) ofCadmium CadmiumCadnium Cadmium Cadmium
study i (STLC) (DIWET) (WET)

mg/kg - wet mg/kg - dry mg/kg mg/L mg/L
!Interim North Delta Program -
1992
ND0! ND
ND02

~DND03A
ND03B ND
ND04 ND
ND05 ND
ND06 ND
ND07 ] ND
ND08 ND
ND09A ND
ND10 ND
NDllA ND
NDllB ND
ND12 ND
ND13A ’ ND
ND13B ND

Interim North Delt~ Program -
1994
Count 19 29 29 29
Min ND ND ND ND
Max 0.70 1.11 ND 0.02
Average 0.44 0.61 n/a 0.01
Standard Deviation 0.21 0.36 n/a 0.01

Interim Nouth Delt~ Program -

SD01 ! ND
SD02 ND
SD03 ND
SD04 ND
SD05 ND
SD06A ND
SD06B ND
SD07 ND
SD08A ND
SD08B ND

1

i~--031 479
C-031479



Program Name and year(s) of I Cadmium Cadmium Cadnium Cadmium Cadmium
study [ (STLC) (DIWET) (WET)

mg/kg - wet mg/kg - dry mg/kg mg/L mg/L
SD09A ND
SD09B ND
SD10A . ND
SD10B ND
SDll ND
SD12 ND
SD13 ND

Interim South Delta Program -
1994
Count 18 12
.V/in I ND ND
Max ND ND
Average N/A N/AI
Standard Deviation N/A N/A

Interim South Delta Program -
!1996, dry
Count 33 33 33
Min 0.00 0.00 0.013
Max 0.00 0.00 0.01
Average 0.00 0.00 0.00
Standard Deviation 0.00 0.00 0.00

Interim South Delta Program -
1996, wet
Count 33 33 33
Min 0.00 0.00 0.00
Max 0.00 0.001 0.01
Average 0.00 0.0t3 0.00
Standard Deviation 0.00 0.013 0.00

!San Francisco Estuary Institue,
1993-1995
Pacheco Creek
Count 6
Min 0.07
Max 0.16
Average 0.11

2
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Program Name and year(s) ofCadmium Cadmium ! CadniumCadmium Cadmium
study ! (STLC) (DIWET) (WET)

- wet mg/kg - dry mg/kg mg/L i mg/L
Standard Deviation 0.03i
Grizzly B_aY,. ’
Count 6
Min 0.25
Max 0.32
Average 0.28
Standard Deviation 0.03
Honker Bay
Count 4
Min 0.26
Max 0.41
Average 0.33
Standard Deviation 0.07 ¯
Sacramento River @ Collinsville
Count 6
Min 0.13
!Max 0.32
!Average 0.23
Standard Deviation 0.07
!San Joaquin River @ Antioch
Count 6
Min 0.15
Max 0.22
Average 0.19
Standard Deviation 0.03

I

i

C--031 481
(3-031481



Program Name and year(s) of Copper Copper i Copper Copper Copper
study

I                                  (STLC) (DIWET
(WET)

mg/kg-wet mg/kg-dryi mg/kg mg/L mg/L
Interim North Delta Program -
1992
ND01 41.00
ND02 14.00 I
ND03A 31.00
~ND03B 28.00
ND04 6.00
ND05 15.00
ND06 5.00
ND07 28.00
ND08 13.00
ND09A 11.00
NDIO 35.00
NDllA 41.00
ND 11B 50.00
ND12 49.00
ND13A 18.00
ND13B 6.60

Interim North Delta Program -
1994
Count 19 29 29 29
Min 23.00 0.00 ND ND
Max 57.00 86.00 0.02 0.70
,Average 39.00 58.87 0.01 0.36
Standard Deviation 9.98 21.61 0.01 0.25

Interim South Delta Program -
1992
SDOl 1.00
SD02 28.00
SD03 9.00
SD04 21.00
SD05 4.00
SD06A 19.00
SD06B 20.00
SD07 19.00
SD08A 23.00
SD08B 6.001
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Copper Copper[ CopperProgram Name and year(s) of [ Copper Copper i (STLC) (DI.WET
study i "

[ mg/kg-wet mg/kg-dry mg/kg mg/L ’ mg/L
SD09A ’ 16.00
SD09B 19.00
SD10A 6.00
SD10B 15.00
SD 11 26.00
SD12 19.00
SD13 15.00

Interim South Delta Program -
1994
Count 18 12
Min 3.00 ND
Max 33.00 ND
Average 11.33 N/A
Standard Deviation 8.94 N/A

Interim South Delta Program -
1996, dry
Count 33 33 33
Min 5.75 0.00 0.00
Max 52.44 0.09 0.42
Average 26.37 0.01 0.15
Standard Deviation 14.27 0.02 0.13

Interim South Delta Program -
1996, wet
Count 33 33 33
Min 5.00 0.0G 0.00
Max 43.00 0.06 0.39
Average 21.32 0.00 0.12
Standard Deviation 11.61 0.01 0.12

San Francisco Estuary Institue
1993-1995
Pacheco Creek
Count 6
Min 14.10
Max 20.30
Average 16.35

2
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Program Name and year(s) of Copper Copper Copper Copper Copper
study : (STLC) (DIWET (WET)

I mg/kg - wet mg/kg - dry mg/kg mg/L mg/L
Standard Deviation 2.64~
Grizzly Bay

I Count 6
Min 39.80

I Max 67.10 [

Average 57.45
Standard Deviation 9.86

I Honker Bay
Count 4
Min 45.30

I Max 71.90
Average 62.20

I Standard Deviation 11.78
Sacramento River @ ColIinsville
Count 6

I Min 20.70
Max 42.30
Average 26.86

I Standard Deviation 8.02
San Joaquin River @ Antioch

i Count 6
Min 24.43
Max 39.70

I Average 32.42
Standard Deviation 5.45

I
!
!
I
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Program Name and year(s) of [ Mercury    Mercury Mercury Mercury Mercury
study                            [

’~ !
(STLC) (DIWET) (WET)

mg/kg - mg/kg - dry mg/kg mg/L mg/Lwet
Interim North Delta Program -
1992
ND01 0.17
ND02 0.09
ND03A 0.14
ND03B 0.18

ND05 0.06
ND06 0.06
ND07 0.091
ND08 0.02
ND09A 0.08
ND10 i 0.10
NDllA 0.13
NDllB 0.18,
ND12 0.04
ND13A ND
ND13B ND

Interim North Delta Program -
1994
’Count 18 29 29 29
!Min ND ND ND ND
Max 0.48 0.74 0.00 ND
Average 0.20 0.31 n/a n/a
Standard Deviation 0.09 0.16 n/a n/a

Interim South Delta Program -
1992
SD01 ~ ND
SD02

I
0.04

SD03 0.04
SD04 0.16
SD05 ND
SD06A 0.12
SD06B 0.14
SD07 0.12
SD08A 0.10
SD08B 0.04
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Program Name and year(s) of Mercury fI Mercury Mercury Mercury Mercury
study (STLC) , (DIWET) (WET)

~ mg/kg - wet mg/kg - dry mg/kg mg/L mg/L
SD09A ! 0.14
SD09B 0.04
SD 10A 0.04
SD10B 0.05
SD 11 0.02
SD 12 0.03
SD13 0.07

Interim South Delta Program -
1994
Count 18 12
Min ND 0.01
Max ND 0.01
Average N/A 0.01
Standard Deviation N/A 0.00

Interim South Delt~ Program -
1996, dry
Count 33 33 33
Min 0.00 0.00 0.190
Max 0.12 0.00 0.00
Average 0.00 0.00 0.00
Standard Deviation 0.02 0.00 0.00

Interim South Delta Program -
1996, wet
Count 33 33 33
Min " 0.013 0.00 0.00
Max 0.10 0.00 0.00
Average 0.00 0.013 0.00
Standard Deviation 0.02 0.00 0.012

San Francisco Estuary Institue,
1993-1995
Pacheco Creek
Count 6
Min 0.03
Max 0.13
Average 0.07
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Program Name and year(s) of Mercury ! Mercury Mercury ~ Mercury Mercury
study (STLC) (DIWET) (WET)

mg/kg - wet mg/kg - dry mg/kg [ mg/L mg/L
Standard Deviation 0.04
Grizzly Bay
Count 6
Min 0.24
Max 0.42
Average 0.34
Standard Deviation 0.06
Honker Bay
Count 4
Min : 0.30
Max 0.45
Average 0.35
Standard Deviation

0.076
Sacramento River @ Collinsville
Count
Min 0.06
Max 0.15
Average 0.10
Standard Deviation 0.04
, San Joaquin River @ Antioch
’Count 6
Min 0.09
Max 0.42
Average 0.26
Standard Deviation 0.12

!
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Program Name and year(s) of Selenium ] Selenium SeleniumSelenium Selenium
I (STLC) (DIWET) (WET)study

Program mg/kg - wet mg/kg - dry mg/kg     mg/L     mg/LInterim NorthDelta
1992
ND01 ND
ND02 ND
ND03A ND
ND03B ND

~ND05 ND
ND06 ND
ND07 ND
ND08 ND
ND09A ND
ND10 ND
NDllA ND
ND11B ND
ND12 ND
ND13A ND
ND13B ND

Inter~ North Delta Program -
1994
Count 19 25 29 29
Min ...... ND ND ND ND
Max 0.00 1.52 0.02, ND
Average n/a n/a 0.02 n/a
Standard Deviation n/a n/a 0.00 n/a

Interim South Delta Program -

SD01 ND
SD02 ND
SD03 ND
SD04 ND
SD05 ND
SD06A ND
SD06B ND’
SD07 ND
SD08A ND
SD08B ND
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! Selenium Selenium! Selenium SeleniumProgram Name and year(s) of
study i ! (STLC) (DIWET) (WET)

img/kg - wet:~ mg/kg - dry mg/kg     mg/L ~ mg/L
SD09A , ND
SD09B
SD 10A ND
SD10B ND
SD11 ND
SD12 ND
SD13 ND

Interim South Delta Program-
1994
Count . i 18 12
Min I ND ND

Average [ N/A N/A
Standard Deviation ! N/A N/A

Interim South Delta Program -
1996, dry
Count 33 33 33
iMin 0.00 0.00 0.1313
Max 2.00 0.00 0.00
Average 0.44 0.00 0.0!3
Standard Deviation 0.52 0.00 0.00

Interim South Delta Program -
1996, wet
Count 33 33 33
Min 0.00 0.00 0.00
Max 1.60 0.00 0.00
Average f 0.35 0.00 0.00
Standard Deviation I 0.42 0.00 0.00

San Francisco Estuary Institue,
1993-1995
Pacheco Creek
Count 6
Min 0.07
Max 0.46
Average 0.22
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!
Program Name and year(s) of Selenium i Selenium Selenium Selenium Selenium
study (STLC) (DIWET) (WET)

I mg/kg- wet mg/kg- dry[ mg/kg mg/L mg/L
Standard Deviation t 0.181
Grizzly Bay
Count 6
Min 0.21
Max 3.30
Average 0.95
Standard Deviation 1.17
Honker Bay
Count 4
Min 0.33
Max 1.01
Average 0.58
Standard Deviation 0.30
Sacramento River @ Collinsville
Count 6
Min 0.13
Max 0.61
Average 0.25
Standard Deviation 0.19
San Joaquin River @ Antioch
Count 6
Min 0.17
Max 0.58
Average 0.39
Standard Deviation 0.18,

!
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Program Name and year(s) of ] Zinc [ Zinc ! Zinc ! Zinc Zinc
study i ’ (STLC) (DIWET) (WET)

!mg/kg - wet mg/kg - dry mg/kg , mg/Lmg/L
Interim North Delta Program - [
1992
ND01 91.00
ND02 130.00
iND03A 68.00
ND03B 45.00
~ND04 6.00
ND05 _. 30.00
ND06 19.00
ND07 82.00
ND08 60.00
ND09A 42.00
ND10 84.00
ND11A 110.00
ND11B 120.00
ND12 89.00
ND13A I 86.00
ND13B [ 51.00

Interim North Delta Program -
1994
Count 15 25 29 29
Min 2.50 ND ND 0.22
Max 89.00 160.00 0.26 16.00
Average 55.90 94.29 0.11 2.17
Standard Deviation 27.17 46.38 0.13 2.78

Interim South Delta Program -
1992
SD01 7.00
SD02 59.00
SD03 23.001
SD04 41.00
SD05 12.00
SD06A 40.00
SD06B 35.00
SD07 37.00
SD08A 51.00
SD08B 16.00
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Program Name and year(s) of !Zinc [ Zinc Zinc [ Zinc i Zinc
study i i (STLC) (DIWET) (WET)

Img/kg - wet mg/kg-dry~ mg/kg mg/L mg/L
SD09A 37.00
SD09B .... 38.00
SD 10A 19.00
SD10B 36.00
SD 11 51.00
SD12 42.00
SD13 33.00

Interim South Delta Program -I
1994
Count 18 12
Min 10.00 0.10
Max 62.00 0.30
Average 31.78 0.17
Standard Deviation 13.93 0.09

Interim South Delta Program -
1996, dry
Count 33 33 33
Min 22.62 0.00 0.08
Max 98.78 0.42 2.66
Average 56.14 0.04 0.94
Standard Deviation 21.97 0.08 0.67

Interim South Delta Program -
1996, wet
Count 33 33 33
Min 19.00 0.013 0.07
Max 81.00 0.35 2.10
Average 45.15 0.03 0.76
Standard Deviation 17.21 0.06 0.55

San Francisco Estuary lnstitue,
1993-1995
Pacheco Creek
Count 6
Min 54.38
Max 72.00
Average I 63.88

2
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Program Name and year(s) of Zinc ! Zinc [ Zinc Zinc Zinc
study                 ! I I(STLC) (DIWET) (WET)

, mg/kg - wet mg/kg - dry mg/kg mg/L mg/L
Standard Deviation I 5.76
Grizzly Bay
Count 6
Min 94.00
Max 151.50
Average 128.15
Standard Deviation 19.49
Honker Bay
Count 4
Min 116.00
Max 165.00
Average 136.25
Standard Deviation 20.61
Sacramento River @ Collinsville
Count 6
Min 72.62
Max ! 114~00
Average 85.19
Standard Deviation 15.00
San Joaquin River @ Antioch
Count 6
Min 61.00
Max 78.60

i
Average 69.36
Standard Deviation 6.90

!
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Program Name and year(s) of Chlordane Total Toxaphene Total[ pH TOC
study DDT PCBs

ug/kg ug/kg ug]kg ug/kg [ mg/kg
Interim North Delta Program -
1992
ND01 ND ND ND 6.80
ND02 ND ND ND 7.00
ND03A ND ND ND 6.90
ND03B ND ND ND 7.10
ND04 ND ND ND 6.40
ND05 ND ND ND 6.00
ND06 ND ND ND 5.90
ND07 ND ND ND 6.50
ND08 ND ND ND 6.80
ND09A ND ND ND 7.00
ND10 ND ND ND 7.40
NDllA ’ ND ND ND 6.90
ND11B i ND ND bid 7.80
ND12 ND ND ND 7.80
ND13A ND ND ND 6.30
ND13B ND ND ND 6.60

Interim North Delta Program -
1994
Count 291 28      29
Min ND 6.50 2727.27
Max ND 8.20 22388.06
Average n/a 7.06 11012.79
Standard Deviation n/a 0.50 4358.51

Interim South Delta Program -

SD01 i ND ND ND 7.50
SD02 I ND ND ND 8.70

I
SD03

l
ND ND ND 8.00

SD04 ND ND ND 6.40
SD05 ND ND ND 7.80
SD06A ND ND ND 7.00
SD06B ND ND ND 6.80
SD07 ND ND ND 6.50
SD08A ND ND ND 6.20
SD08B [ ND ND ND 6.60
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Program Name and year(s) of i Chlordane Total Toxaphene Total! pH ! TOC
study!!        DDT                            PCBs’

, ug/kg ug/kg ug/kg i ug/kg    [ mg/kg
SD09A ND ND; ND 6.10
SD09B ND ND ND ’ 6.80
SD10A ND ND ND 7.30
SDIOB I ND ND ND 7.00
SD11 ! ND ND ND 7.30
SD12 ND ND ND 7.00
SD13 ND " ND ND 6.70

Interim South Delt~ Program -
1994
Count 18 36 12 126 6
iMin ND ND ND ND 7.10
Max NDi ND ND ND 8.30
Average N/A N/A N/A N/A 7.82
Standard Deviation N/A N/A N/A N/A 0.43

Interim South Delta Program
1996, dry
Count 33 331 33 33      33
Min 0.00 0.00 0.00 8.00 471.26
Max 0.00 0.00 0.00 11.01 62857.14
Average 0.00 0.00 0.00 9.47 6691.20
Standard Deviation 0.00 0.00 0.00 0.87 12340.52

Interim Nouth Delta Program -
1996, wet
Count I[ 33 33. 33 33      33
Min [ 0.00 0.00 0.00 6.80 410.0C
!Max 0.00 0.00 0.00 8.90 44000.00
Average 0.00 0.00 0.00 7.65 4903.33
Standard Deviation 0.00 0.00 0.00 0.50 8578.94

San Francisco Estuary Institue,
1993-1995 ng/g ng/g ng/g
Pacheco Creek
Count 5 5 5
Min 0.00 0.00 0.70
Max 1.13 2.62 4.83
Average 0.25 0.91 2.10
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study DDTI
PCBs

ug/kg ug/kg ug/kg mg/kg
Standard Deviation 0.49 1.08~ 1.78
Grizzly Bay
Count 1 5 5
Min BDL 0.33 1.00
Max 0.33 10.40, 17.77
Average 0.33 4.06 6.58
Standard Deviation n/a 3.981 6.79
!Honker Bay
Count 1 4~ 4
Min BDL 1.67 3.00
’Max 0.63 6.96 12.99
Average 0.63 4.29 7.50
Standard Deviation n/a 2.16 4.20
Sacramento River @ CollinsvilIe
Count 1 5 5
Min i BDL 0.15 0.00
Max [ 0.15 2.08 10.80
Average 0.15 0.98 2.92
Standard Deviation n/a 0.76 4.44
San Joaquin River @ Antioch
Count 1 5 5]
Min BDL 0.00 0.00
Max 0.17! 0.88 2.70

0.17 0.25 1.17Average
Standard Deviation rda 0.36 0.98

!
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APPENDIX C

SUPPLEMENTAL INFORMATION PERTAINING TO
PARAMETER LOADING TABLES
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Bromide Loading Notes

a. Concentration data was received from Ray Tom of the Department of Water Resources.
Concentrations data was collected at Green’s Landing for the Sacramento River and Vernalis for
the San Joaquin River. Flow data is from USGS Water Data Reports for the years in which
concentration data was available.

Loads were calculated for each day data were available. For the period of record theaverage
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average dally flow
over the period of record)* long term dally average flow rate

b. See note a for explanation.

Cadmium Loading Notes

The data for the load estimate obtained from "A oforiginala. was massloadingassessment
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled for four inactive mines including Iron Mountain, Newton, New Idria and
Afterthought Mines. Only mines that drain to the Sacramento River or its tributaries below
Shasta, Oroville and Nimbus Dams were considered. Eighty-five percent of the load was from
Iron Mountain. A later report by Central Valley RWQCB prepared in 1989 and entitled "A mass
loading assessment of major point and non-point sources in the Sacramento Valley, California,
1985" estimated that the earlier mine drainage estimate only represented 25% of the total. A
further review of the two RWQCB documents was made by Woodward-Clyde in light of
information contained in a 1992 report by the Central Valley Board entitled "Inactive mine
drainage in the Sacramento Valley". Data in this report suggests that mine drainage represents
about 50% of the total cadmium load from inactive mines. The 50% estimate was used to scale
up the loads originally calculated by RWQCB. The loads calculated in the 1988 RWQCB were

into the three San Basin and Sacramento Basinsegregated geographical delta, Joaquinareas,

below dams.

b. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
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was compiled from several NPDES dischargers who have been monitoring copper, including the
largest in the Central Valley the Sacramento Regional County Sewer District. Woodward-Clyde
divided the results into two geographical areas, the delta and the Sacramento Basin. A later
report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading assessment of
major point and non-point sources in the Sacramento Valley, California, 1985" estimated that the
earlier M and I estimate only represented 50% of the total. This percentage was used to scale up
the loads.

c. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Urban runoff
estimates were made for 19 large cities in the Central Valley. Flow data was calculated using
rainfall data for cities, urban acreage and a runoff factor of 0.3. Quality data for the city of
Sacramento was used for all cities. A later report by Central Valley RWQCB prepared in 1989
and entitled "A loading assessment of major point and in the Sacramentomass non-pointsources
Valley, California, 1985" estimated that the earlier urban runoff estimate only represented 35%
of the total. A further review of the original data by Woodward-Clyde concluded that the
original estimate probably captured 70% of the load, because all major urban areas were included
in the calculations. The 70% figure was used to scale up the original estimates. The data
allowed separation of the loads into three geographical areas, the delta, San Joaquin Basin and
the Sacramento Basin.

d. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and
concentration information was compiled for the major drains in the Sacramento Basin, including
Sacramento Slough, Colusa Basin Drain, RD1000, RD108 and Natomas East Main Drain. A
later report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading
assessment of and in the Sacramento California, 1985"majorpoint non-point Valley,sources
estimated that the earlier agricultural runoff estimate only represented 80% of the total. This
percentage was used to scale up the estimates.

e. See note a for explanation.

f. See note b for explanation.

g. See note c for explanation.

h. Concentration data is from Earthlnfo USGS Quality of Water databases on CD-ROM
(EarthInfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vernalis.
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Loads were calculated for each day data were available. For the period of record the average
dally load was calculated from all the daily values. The annual load for the period of record is
the product of the average dally load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average dally flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term dally average flow rate.

i. See Note a for explanation.

j. See Note b for explanation.

k. See Note fore explanation.

1. See Note h for explanation.

m. Reported in Table 19 of"State of the Estuary: A report on conditions and problems in San
Francisco Bay/Sacramento-San Joaquin Delta Estuary’ San Francisco Estuary Project, 1992.
Middle of range of values used.

n. See Note mc for explanation.

o. Total emission from upper Sacramento Basin was calculated using flow and concentration data
for releases from Shasta, Oroville and Nimbus Dams. Reported in "A mass loading assessment
of major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988.

Copper Loading Notes

a. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled for four inactive mines including Iron Mountain, Newton, New Idria and
Afterthought Mines. Only mines that drain to the Sacramento River or its tributaries below
Shasta, Oroville and Nimbus Dams were considered. Ninety-five percent of the load was from
Iron Mountain. A later report by Central Valley RWQCB prepared in 1989 and entitled "A mass
loading assessment of major point and non-point sources in the Sacramento Valley, California,
1985" estimated that the earlier mine drainage estimate only represented 25% of the total. A
further review of the two RWQCB documents was made by Woodward-Clyde in light of
information contained in a 1992 report by the Central Valley Board entitled "Inactive mine

in the Sacramento Valley". Data in this that Iron Mountaindrainage reportsuggests represents
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about 50% of the total copper load from inactive mines. The 50% estimate was used to scale up
the loads originally calculated by RWQCB. The loads calculated in the 1988RWQCBwere
segregated into the three geographical areas, delta, San Joaquin Basin and Sacramento Basin
below dams.

b. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled from several NPDES dischargers who have been monitoring copper, including the
largest in the Central Valley the Sacramento Regional County Sewer District. Woodward-Clyde
divided the results into two geographical areas, the delta and the Sacramento Basin. A later
report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading assessment of
major point and non-point sources in the Sacramento Valley, California, 1985" estimated that the
earlier M and I estimate only represented 50% of the total. This percentage was used to scale up
the loads.

c. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Urban runoff
estimates were made for 19 large cities in the Central Valley. Flow data was calculated using
rainfall data for cities, urban acreage and a runoff factor of 0.3. Quality data for the city of
Sacramento was used for all cities. A later report by Central Valley RWQCB prepared in 1989
and entitled "A mass loading assessment of major point and non-point sources in the Sacramento
Valley, California, 1985" estimated that the earlier urban runoff estimate only represented 35%
of the total. A further review of the original data by Woodward-Clyde concluded that the
original estimate probably captured 70% of the load, because all major urban areas were included
in the calculations. The 70% figure was used to scale up the original estimates. The data
allowed separation of the loads into three geographical areas, the delta, San Joaquin Basin and
the Sacramento Basin.

d. Copper concentrations are available from various sampling locations within the Delta and at
the San Joaquin River inflow to the Delta. Most of this data can be found at the Interagency
Ecological Program web site. Work is in progress to acquire matching discharge data and
calculate loads.

e. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and
concentration information was compiled for the major drains in the Sacramento Basin, including
Sacramento Slough, Colusa Basin Drain, RD1000, RD108 and Natomas East Main Drain. A
later report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading
assessment of major point and non-point sources in the Sacramento Valley, California, 1985"
estimated that the earlier agricultural runoff estimate only represented 80% of the total. This
percentage was used to scale up the estimates.

i C-8
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£ See Note a for explanation.

g. See Note b for explanation.

h. See Note c for explanation.

i. Concentration data is from Earthlnfo USGS Quality of Water databases on CD-ROM
(EarthInfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

j. See Note a for explanation.

k. See Note c for explanation.

1. See Note i for explanation.

m. Reported in Table 19 of"State of the Estuary: A report on conditions and problems in San
Francisco Bay/Sacramento-San Joaquin Delta Estuary’ San Francisco Estuary Project, 1992.
Middle of range of values used.

Copper LoadingNotes

n. See Note m for explanation.

o. Total emission from upper Sacramento Basin was calculated using flow and concentration data
for releases from Shasta, Oroville and Nimbus Dams. Reported in "A mass loading assessment
of major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988.

Dissolved Organic Carbon (DOC) Loading Notes

a. Load data was obtained from the "Study of Drinking Water Quality in Delta Tributaries" from
the California Urban Water Agencies, April 1995 Report. The data estimated using Figure 4-1

|
C--031 502

(3-031502



which shows total loads of DOC and TOC and percentages for various contributing sources. The
total in pounds day in the Sacramento River at Greene’s Landing is 310,000 lbs/day, 13.75 %per
of that is from agriculture. The data were evaluated using two techniques. One involves
constructing and evaluating time-series plots for rainfall, flow, concentration and load allowing

a examination of seasonal and historical patterns and allow for a directfor directsanddetailed
and detailed examination of periods when concentrations are high. The second technique
included combining data from different sets of conditions/types of seasonal periods to average
loads.

b. The "Study of Drinking Water Quality in Delta Tributaries", California Urban Water
Agencies, April 1995 shows a 1.1 mg/L increase in DOC concentrations from agricultural
drainage by comparing Inflow, Observed and Predicted DOC Five Years (1987-91) of Monthly
Average DOC data. No flow data was supplied, therefore, no load calculations can be performed
until further literature review has been performed.

c. A single sample reported in the Study of Drinking Water Quality in Delta Tributaries.
California Urban Water Agencies, April 1995, was collected in 1989 (4.4-500mg/1) for urban
runoff in Sacramento. No flow data available for this sample. Further data search must be

to obtain additional TOC data information for load calculations.performed

Mercury Loading Notes

a. Concentration data is from Earthlnfo USGS Quality of Water databases on CD-ROM
(Earthlnfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vernalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the

of record the flow the of record and then theperiod by daily period multiplyingaverage over
result times the long term daily average flow rate.

average annual load = ((average dally load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

b. See Note a for explanation.

c. Reported in Table 19 of"State of the Estuary: A report on conditions and problems in San
Francisco Bay/Sacramento-San Joaquin Delta Estuary’ San Francisco Estuary Project, 1992.
Middle of range of values used.

d. See Note c for explanation.
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e. Emission was calculated using flow and concentration data for release from Shasta Dam. No
similar data was available for Oroville and Nimbus Dams so this is probably an underestimate.
Reported in "A mass loading assessment of major point and non-point sources discharging to
surface waters in the Central Valley, California, 1985" prepared by the RWQCB Central Valley
Region in 1988. The emission is the product of a large flow and a small concentration, probably
based on limited data. Consequently, a small error in concentration can greatly effect the
emission rate.

Nitrate Loading Notes

a. Nitrate loads were calculated by Woodward-Clyde for the Contra Costa Clean Water Program
(Contra Costa Clean Water Program, 1994). The loads assessment model is based upon a
relationship between rainfall quantities, runoff pollutant concentrations, and the relationship
between pollutant loads and land use. The loads assessment model contains the following
assumptions:

¯ Uniform precipitation between isohyets
¯ Constant runoff coefficient based upon land use
¯ Runoff water quality was constant for each land use
¯ Isohyetals based on average annual precipitation

The reported load in the loading table is from Figure 4-1 of the report (Contra Costa Clean Water
Program, 1994).

b. See Note a for explanation.

c. Nitrate loads were calculated for the Sacramento NPDES Stormwater Discharge
Characterization Program (Larry Walker & Associates). Loads were initially calculated in 1992
using the following methodology:

¯ Regression models were developed showing the relationship of urban runoff
pollutant discharge factors.

¯ The regression equations were then used as input to a continuous simulation
model for Sacramento urban runoff mass loading over a 58 year period.

¯ The model was refined in 1996, using the updateddatabaseof urbanrunoff

monitoring data available form the Sacramento NPDES Stormwater Monitoring
Program. the load reported in the loading table is from Table 15 of the report (Larry
Walker & Associates).

Selenium Loading Notes

a. Concentration data is from EarthInfo USGS Quality of Water databases on CD-ROM
(EarthInfo~ 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
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the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vernalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term dally average flow rate

b. See Note a for explanation.

c. Selenium loads to San Francisco Bay are reported in "Mass Emissions Reduction Strategy for
Selenium" prepared by San Francisco Bay RWQCB in 1992. The loads are estimated as 7.1
kg/day from oil refineries, 2.2 kg/day from municipal wastewater treatment plants and 2 kg/day
from rivedne sources under flow conditions. No selenium was detected in samples ofaverage
municipal wastewater. The RWQCB assumed that it was present in municipal wastewater at the
detection limit used in the analyses and thus calculated 2.2 kg/day. The RWQCB noted this was
a probable overstatement. It is worth noting that the load to the bay from riverineestimated
sources (1,600 lbs/yr) is much lower than the sum of the Sacramento and San Joaquin River
inputs to the Bay-Delta system (11,000 lbs/yr reported in "State of the Estuary: A re_port on
conditions and problems in San Francisco Bay/Sacramento-San Joaquin Delta Estuary" San
Francisco Estuary Project, 1992. Perhaps, this is attributable chemical reactions and biological
uptake in the Delta.

Total Dissolved Solids (TDS) Loading Notes

a. One study on drinking water quality in Delta tributaries calculated the relative proportions of
TDS loads in the Sacramento River at Greene’s Landing (California Urban Water Agencies,
1995). The load was subdivided into the following five categories: other sources, Sacramento
Regional Wastewater Treatment Plant, Sacramento Combined Sewer Overflow, urban runoff,
and the Sacramento Slough and Colusa Basin Drain. The load from Sacramento Slough and
Colusa Basin Drain is assumed to be drainage from rice fields and representstherefore the
agricultural load for the Lower Sacramento Basin.. The study calculated loads for both wet and
dry years. The table contains an average for both years.

b. The portion of the load attributed to the Sacramento Regional Wastewater Treatment Plant in
the drinking water study referenced in note represents a load from the area serviced by the
plant. The load in the table does not represent a total load form all POTW’s in the Lower
Sacramento River Basin. The load value in the table is an average of wet and dry year loads.

e. The TDS concentration was developed from a continuous simulation analysis as a sum of the
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loads from wet weather, dry season and inter-storm loads (Larry Walker & Associates, 1996).

d. Concentration data was received from Ray Tom of the Department of Water Resources.
Concentrations data was collected at Green’s Landing for the Sacramento River and Vemalis for
the San Joaquin River. Flow data is from USGS Water Datafor the inReports years which
concentration data was available.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

e. The study referenced in note a above also calculated loads for the San Joaquin River at
Vernalis. The load subdivided into contributions from Mud and Salt and otherwas Sloughs
sources. The load from Mud and Salt Sloughs is assumed to be agricultural drainage. The
load value in the table is an average of wet and dry year loads.

f. One study (Fresno Metropolitan Flood Control District, 1995) estimated the annual pollutant
loads, summing the loads from the San Joaquin River, Dry Creek and Bidon Canal.

g. See explanation for note d.

Total Organic Carbon (TOC) Loading Notes

a. Load concentrations to the mud and salt sloughs from agriculture in the Sacramento Area
were reported in the "Study of Drinking Water Quality in Delta Tributaries". (California Urban
Water Agencies, 1995). The value was obtained from Appendix D, Table D-7. The value used
here is the value from the Table and in Wet year/wet The annual loadhighest season. was
calculated assuming an average of 30,850 lb/day and 365 days in the wet season as defined in
the study.

b. Load data was obtained from the "Study of Drinking Water Quality in Delta Tributaries"
from the California Urban Water Agencies, April 1995 Report. The data estimated using Figure
4-1 which shows total loads of DOC and TOC and percentages for various contributing sources.
The total in pounds per day in the Sacramento River at Greene’s Landing is 310,000 lbs/day,
4.75 % of that is from agriculture. The data were evaluated using two techniques, one involves
constructing and evaluating time-series plots for rainfall, flow, concentration and load allowing
for a directs and detailed examination of seasonal and historical patterns and allow for a direct
and detailed examination of periods when concentrations are high. The second technique
included combining data from different sets of conditions/types of seasonal periods to average
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loads.

c. Concentration data was received from Ray Tom of the Department of Water Resources.
Concentrations data was collected at Green’s Landing for the Sacramento River and Vernalis for
the San River. Flow data is from USGS Water Data for theJoaquin Reports years which
concentration data was available.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
¯ e product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

d. Load data was obtained from the "Study of Drinking Water Quality in Delta Tributaries"
from the California Urban Water 1995 The data estimatedAgencies,April Report. usingFigure
4-1 which shows total loads of DOC and TOC and percentages for various contributing sources.
The total in pounds per day in the San Joaquin River at Vemalis is 47,950 lbs/day, 61.51% of
that is from agriculture. The data were evaluated using two techniques. One involves
constructing and evaluating time-series plots for rainfall, flow, concentration and load allowing
for a directs and detailed examination of seasonal and historical patterns and allow for a direct
and detailed examination of periods when concentrations are high. The second technique
included combining data from different sets of conditions/types of seasonal periods to average
loads.

Additional sampling has been conducted by the Department of Pesticide Regulations along the
San Joaquin River. Sampling occurred pedodically from March of 1991 through February of
1993. It can be assumed that these samples are being collected to estimate contaminants from
agriculture. Concentration and flow data are available for values collected in the San Joaquin
River. Further the locations of these monitoring stations and surroundingInvestigationon

landuse will be performed prior to load calculations.

e. Concentration data is from Earthlnfo USGS Quality of Water databases on CD-ROM
(EarthInfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vernalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
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period of record by the average daily flow over the period of record and then multiplying the
result times the long term dally average flow rate.

The load was calculated using the equation in note c.

Zinc Loading Notes

a. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled for four inactive mines including Iron Mountain, Newton, New Idda and
Afterthought Mines. Only mines that drain to the Sacramento River or its tributaries below
Shasta, Oroville and Nimbus Dams were considered. Eighty-five percent of the load was from
Iron Mountain. A later report by Central Valley RWQCB prepared in 1989 and entitled "A mass
loading assessment of major point and non-point sources in the Sacramento Valley, California,
1985" estimated that the earlier mine drainage estimate only represented 25% of the total. A
further review of the two RWQCB documents was made by Woodward-Clyde in light of
information contained in a 1992 report by the Central Valley Board entitled "Inactive mine

in the Sacramento Data in this that minedrainage Valley". reportsuggests drainagerepresents
about 50% of the total zinc load from inactive mines. The 50% estimate was used to scale up the
loads originally calculated by RWQCB. The loads calculated in the 1988 RWQCB were
segregated into the three geographical areas, delta, San Joaquin Basin and Sacramento Basin
below dams.

b. The.original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled from several NPDES dischargers who have been monitoring copper, including the
largest in the Central Valley the Sacramento Regional County Sewer District. Woodward-Clyde
divided the results into two geographical areas, the delta and the Sacramento Basin. A later
report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading assessment of
major point and non-point sources in the Sacramento Valley, Califomia, 1985" estimated that the
earlier M and I estimate only represented 50% of the total. This was used to scalepercentage up
the loads.

e. Loads were taken from "A mass loading assessment of major point and non-point sources
discharging to surface waters in the Central Valley, California, 1985" prepared by the RWQCB
Central Valley Region in 1989.

d. See note a for explanation.

e. See note c for explanation.

f. See note e for explanation.
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g. Concentration data is from EarthInfo USGS Quality of Water databases on CD-ROM
(Earthlnfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate.

h. See note a for explanation.

i. See note for explanation.g

j. Estimate of Bay Region loads were made by adding estimated pollutant loads of Contm Costa,
Alameda and Santa Clara Counties. This value probably underestimates the totalcontributionof

zinc by the Bay Region.

FURTHER RESEARCH REQUIRED TO ALLOCATE LOADS

Carbofuran Loading Notes

General Notes

¯ Applied to alfalfa fields in March and to rice fields from April through June.

a. Several studies report carbofuran concentrations detected in the Sacramento River at various
locations (USGS, 1995, Open File Report 95-110); (Crepeau et. al.); (Department ofFish and
Game, Rice Pesticide Concentrations in the Sacramento River and Associated Agricultural
Drains); (Department of Water Resources, August 1989). Discharge data is available for many
of the locations where carbofuran was sampled. Load calculations are in progress.

b. See Note a for explanation.

Chlorpyrifos Loading Notes

General Notes
¯ Applied to almond orchards in January and February and again in May through August.
¯ Applied to alfalfa fields in March.
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¯ Particle bound compound.

a. Concentration data is from Earthlnfo USGS Quality of Water databases on CD-ROM
(EarthInfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vernalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate.

Diazinon Loading Notes

General Notes

¯ Applied to almond orchards in January and February and again in May
through August.

¯ Applied to alfalfa fields in March.

a. One study (Conner, 1996) reports diazinon concentrations in urban runoff from the cities of
Stockton and Sacramento and the San Francisco Bay Area. The concentration from the City of
Stockton could be used to calculate a load for the Delta. However, further investigation is
required to determine if discharge data can be matched to the sampling events and locations.

b. See Note a for explanation.

c: Loads were estimated based on measured diazinon concentrations and measured streamflows.
Diazinon concentrations in the San Joaquin River at Vernalis were obtained from The USGS
WATSTOR database and the USGS Open File Report 95-110. Diazinon data in the Sacramento
River at Sacramento were obtained from the USGS Open File Report 95-110. Flows in the
Sacramento River are from the USGS gage at Freeport (#11447650).

d. Flows in the San Joaquin River are from the USGS gage at Vernalis (#11303500). At Vemalis
loads estimated for and 1994. The is in the table. Atwere years1991, 1993, reportedaverage
Sacramento loads were estimated for 1993 and 1994 and the average reported. Note, the
estimated diazinon load at Sacramento includes urban runoff from Sacramento and surrounding
areas in addition to agricultural runoff. Non-detect data was not included in the loads analysis.
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APPENDIX D

SECTION 303(d) LIST INFORMATION
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the CALFED Problem Area

Waterbody Regional Parameters of Concern Probable Sources
Board

Delta
Carquinez Strait 2 Metals Municipal and

Industrial Point
Sources, Mining, Urban

Delta Waterways ,5 Mercury Mining
Diazinon, Chlorpyrifos Agriculture, Urban
I Group A Pesticides Agriculture
(Chlordane, Toxaphene)
Unknown Toxicity Unknown
DDT Agriculture
Dissolved Oxygen Municipal, Urban
Salt Agriculture

Lone Tree Creek 5 Ammonia, Salt,’ DO Dairies

Marsh Creek 5 Mercury Mining

Suisun Bay 2 Metals Municipal and
Industrial Point
Sources, Mining, Urban

Sn~s~n Marsh !2 Metals Agriculture, Urban,
Wetlands Flow Regulation

Nutrients iAgriculture, Urban,
Flow Regulation

Salinity Agriculture, Urban,
Flow Regulation

Dissolved Oxygen Agriculture, Urban,
Flow Regulation

Note: These waterbodies represent CWA Section 303(d) impaired waterbodies within the
CALFED problem area that are impaired due to the presence of one or more CALFED
Water Quality parameters of concern.

I
I                                                                                                              303D.XL$

CALFED problem area
l/4~7
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the CALFED Solution Area

Waterbody iRegional Parameters of Concern Probable Sources
Board

Sacramento River Basin
American River, Lower 5 ,Mercury Mining

Group A Pesticides Urban
(Chlordane)
Unknown Toxicity Unknown

Cache Creek 5 Mercury Mining
Unknown Toxicity Unknown

Colusa Drain 5 Pesticides (Carbofuran) Agriculture
Unknown Toxicity Unknown

Feather River, Lower 5 Mercury Mining
Diazinon, Chlorpyrifos Agriculture, Urban
Group A Pesticides Agriculture
(Toxaphene)
Unknown Toxicity Unknown

Harley Gulch 5 Mercury Mining

Humbug Creek 5 Copper, Mercury, Zinc Mining

Sedimentation Mining

!Little Cow Creek 5 Copper, Zinc, Cadmium Mining

Natomas East Main Drain 15 PCBs Industria’l, Urban
Diazinon, Chlorpyrifos Agriculture, Urban

Sacramento River 5 Cadmium, Copper, Zinc :Mining
Dam to Red iUnknown Toxicity Unknown(Shasta Bluff)

Temperature Dam

Sacramento River 5 Mercury Mining
(Red Bluff to Delta) Diazinon, Chlorpyrifos Agriculture

Carbofuran Agriculture
Unknown Toxicity Unknown

Sacramento Slough 5 Mercury Unknown
Diazinon, Chlorpyrifos Agriculture, Urban

Sulfur Creek 5 Mercury Mining

!
Source: 1996 California 303(d)                                                                              ~O~V.XLSI CALFED ~olution trtt¯ and TMDL Priority List ~/�97

C--031 51 3
(3-031514



I Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the CALFED Solution Area

I Waterbody Regional Parameters of Concern Probable Sources
Board

I San Joaquin River Basin
Grasslands Marshes 5 Selenium Agriculture

TDS Agriculture

I Merced River, Lower 5 Group A Pesticides Agriculture
(Toxaphene)

I DDT Agriculture

Mokelumne River, Lower 5 Copper, Zinc Mining

I Dissolved Oxygen Dam

Mud Slough 5 Selenium Agriculture

i TDS !Agriculture
Boron Agriculture
Pesticides ~Agriculture

I Unknown Toxicity Agriculture

!Orestimba Creek 5 Pesticides Agriculture

I ~ Unknown UnknownToxicity

Panoche Creek 5 iMercury Mining

I TDS Agriculture
Selenium Agriculture

I Salt Slough 5 Selenium Agriculture
TDS Agriculture
Mercury Mining

I Pesticides Agriculture
Boron Agriculture

I San Carlos Creek 5 Mercury Mining

San Joaquin River 5 Selenium Agriculture

I Diazinon, Chlorpyrifos Agriculture
Unknown Toxicity Unknown
Group A Pesticides (?) Agriculture

I Salt, AgricultureBoron

Stanislaus River, Lower :5 Group A Pesticides Agriculture

I (Endosulfan)
DDT Agriculture

I Unknown Toxicity Unknown
Temple Creek 5 Ammonia Dairies

I
Source: 1996 California 303(d)I and TMDL Priority List
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the CALFED Solution Area

Waterbody Regional Parameters of Concern Probable Sources
Board

Tuolumne River, Lower 5 Group A Pesticides Agriculture
(Chlordane, Toxaphene)
DDT Agriculture
Unknown Toxicity Unknown

Turlock Irrigation District 5 Ammonia Wast~water
Lateral #5 Discharge, Agriculture

Pesticides Agriculture

Unknown Toxicity Unknown

Note: These waterbodies represent CWA Section 303(d) impaired waterbodies within the
CALFED solution area that are impaired due to the presence of one or more CALFED
Water Quality parameters of concem.

303D.XLS
Source: 1996 California 303(d) CSLr’~io~are~I and TMDL Priority List ~�97
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the Bay Region that May Affect the CALFED Problem Area

!Waterbody Parameters of~ Probable SourcesRegional
Board Concern

Napa River 2 Pathogens Urban Runoff, Agriculture
Nutrients Agriculture
Turbidity Agriculture, Urban Runoff

Petaluma River 2 Pathogens Agriculture, Urban Runoff
Nutrients Agriculture, Urban Runoff
Turbidity Agriculture, Urban Runoff

Richardson Bay 2 Pathogens Urban Runoff, Marinas
San Francisco 2 Metals and Industrial PointBay, Municipal
Central Sources, Mining, Urban

San Francisco Bay,2 Metals ~]t]3al Point Sources,
Lower Urban Runoff

San Francisco Bay,2 Metals Municipal Point Sources,
South Urban Runoff, Mining

San Pablo Bay !2 Metals Municipal and Industrial Point
Sources, Mining, Urban
Runoff

Sonoma Creek 2 Nutrients, Agriculture, Urban Runoff,
Pathogens, Construction
Turbidity

Note: These waterbodies CWA 303(d) impaired waterbodies within therepresent
Bay region that are impaired due to the presence of one or more CALFED Water Quality
parameters of concern.

I 303D.XLS
Bay
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Above Dams Within the Sacramento River Basin that May Affect the CALFED Problem Area

Waterbody Regional Parameters of Concern Probable
Board Sources

Sacramento River Basin--Above Dams
Berryessa Lake 5 Mercury Mining

Clear Lake 5 i Mercury Mining
’Nutrients Unknown

Horse Creek 5 Copper, Cadmium, Zinc Mining

Keswick Reservoir 5 Copper, Cadmium, Zinc Mining

Little Backbone Creek 5 Copper, Cadmium, Zinc Mining

pH Mining

Shasta Lake 5 Copper, Cadmium, Zinc Mining

Spring Creek 5 Copper, Cadmium, Zinc Mining
pH Mining

Town Creek 5 Copper, Cadmium, Zinc Mining

West Squaw Creek 5 Copper, Cadmium, Zinc Mining

Whiskeytown Reservoir 5 Pathogens On-site
Disposal
Systems

Willow Creek 5 Copper, Zinc Mining

ipH Mining

Note: These waterbodies represent CWA Section 303(d) impaired waterbodies
above major dams within the Sacramento River Basin that are impaired due to the
presence of one or more CALFED Water Quality parameters of concern.

I $03D.XLS
~Jmve dam,
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